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two 


patients 


with 


angina pectoris 


... your treatment can make 


In angina pectoris: “. . . the difference between com- 
plete, or almost complete, absence of symptoms, or 
a prolonged illness with much suffering” may lie in 
routine prophylaxis with Peritrate.} 


New studies continue to confirm the effectiveness of 
this long-acting coronary vasodilator. “Impressive and 
sustained improvement” is observed in patients on 
Peritrate therapy.” 


Simple prophylaxis: Peritrate is not indicated to abort 
the acute attack (nitroglycerin is still the drug of 
choice). However, you can reduce or eliminate nitro- 
glycerin dependence and provide continuing protec- 
tion against attacks of angina pectoris with Peritrate. 
Prophylaxis is simple: 10 or 20 mg. of Peritrate before 
meals and at bedtime. Maintenance of a continuous 
daily dosage schedule is important for successful 
therapy. 


the difference 


Peritrate has been demonstrated to prevent or reduce 
the number of attacks, lessen nitroglycerin depend- 
ence, improve abnormal EKG findings and increase 
exercise tolerance. 3.4.5 


The specific needs of most patients and regimens are 
met with Peritrate’s five dosage forms: Peritrate 10 
mg. and 20 mg. tablets; Peritrate Delayed Action (10 
mg.) for continuous protection through the night; 
Peritrate with Phenobarbital (10 mg. with phenobar- 
bital 15 mg.) where sedation is required; Peritrate with 
Aminophylline (10 mg. with aminophylline 100 mg.) 
in cardiac and circulatory insufficiency. 


Usual Dosage: 10 to 20 mg. before meals and at 
bedtime. 


References: 1. Rosenberg, H. N., and Michelson, A. L.: Am. J. M. 
Sc. 230:254 (Sept.) 1955. 2. Kory, R. C., et al.: Am. Heart J. 
50:308 (Aug.) 1955. 3. Winsor, T., and Humphreys, P.: Angiology 
3:1 (Feb.) 1953. 4. Plotz, M.: New York State J. Med. 52:2012 
(Ane. 5. Dailheu-Geoffroy, P.: L’OQuest-Médical, vol. 3 
(July 


Peritrate’ 


(brand of pentaerythritol tetranitrate) 


WARNER-CHILC OTT 
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CONMPLETE 
CONTROL gastro-intestinal 


irritability and tension 


VONODRAL 
vith VEBARAL 


An exclusive combination designed 
to relieve pain promptly, reduce 
* tension and promote healing 
#Athrough effective central and 
vagal- parasympathetic inhibition, 
influencing all known etiologic 
factors in peptic ulcer. 


anticholinergic - sedative 


with unusually high antisecretory 
and antispasmodic actions, 

plus a calmative effect notably 
free from drowsiness. 


Isolates the Ulcer 


Fach tablet contains: 

Monoprat* bromide . . . Smg. 
Dosage: 1 or 2 tablets three or four 
times daily. Available on prescription 


only. Bottles of 100 tablets. 


U LABORATORIES 


New York 18, N.Y. « Windsor, Ont. 


* Controls hyperacidity and hypermotility 
** Sedates without causing drowsiness 


Monodral (brand of penthienate) and Mebaral (brand of 
mephobarbital), trademarks reg. U.S. Pat. Off. 
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Sympostum on Hormones and Cancer Therapy 


Foreword. ALFRED GELLHORN 


Endocrine Aspects of Experimental Neoplasia . . . . ARTHUR KIRSCHBAUM 
Physiologic Effects of Androgens and Estrogens in Man. . . . . Roy HERTz 
Metabolism of Androgens, Estrogens and Corticoids. . . . RALPH I. DORFMAN 


Hormonal Modification in the Treatment of Disseminated Cancer of the Breast 
SAMUEL G. Tay_or, III 


Hormone Therapy in Prostatic Cancer... . F. Wuitmore, Jr. 


Abnormalities in Calcium Metabolism in Malignancy; Effects of Hormone Therapy 
H. BAKER 


Extirpative Endocrine Therapy for Advanced Cancer of the Breast B. J. KENNEDY 


Hypophysectomy in the Treatment of Malignant ‘Tumors 
Lurr, HERBERT OLIVECRONA, DENIs [kkKos, LARs-BERTIL NILSSON 
AND HAKAN LJUNGGREN 


Clinical Studies 


The Cytotoxic Action of Carcinolytic Agents in Tissue Culture 
HaArrRY EAGLE AND GEORGE E. FOLEY 


It would be exceedingly helpful, of course, to have a reliable in vitro screening method available for 
testing the numerous compounds being synthesized as prospective cancer chemotherapeutic agents. 
The present study appears to offer a means to accomplish this. It is shown that compounds known 
to have anti-tumor activity in experimental animals are cytotoxic when applied directly to human 
cells grown in special tissue culture media; oddly enough, this applies to normal as well as to 
malignant tissues of human origin. The method deserves more extensive trial. 


Contents continued on page 5 


3 
S657 
659 
671 
679 
697 
728 
d 


new! 
calmative 


nostyn 


2-ethylcrotonylurea, AMES 


the power of gentleness 


for relief of daily tensions 


e moderates anxiety and tension 


* avoids depression, drowsiness, motor incoordination 


different! 


*“NOSTYN is a new drug, a calmative 
—not a hypnotic-sedative 
—unrelated to any available chemopsychotherapeutic agent 


eno evidence of cumulation or habituation 

edoes not cause diarrhea or gastric hyperacidity 

eunusually wide margin of safety—no significant side effects 
dosage: 150-300 mg. three or four times daily. 

supplied: 300 mg. scored tablets, bottles of 48. 


(sy AMES COMPANY, INC + ELKHART, INDIANA 17656 
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Hypercalcemia in Malignant Disease without Evidence of Bone Destruction 
CaLvIN H. PLIMpTON AND ALFRED GELLHORN 


The occurrence of symptomatic hypercalcemia in patients with extensive osteolytic metastases to 
the skeleton is now well recognized but from time to time one encounters marked hypercalcemia 
in patients who have neoplastic disease without bone metastases demonstrable even at necropsy. 
The authors cite a number of such cases, which present a most intriguing problem. Parathyroid 
tumors could be excluded. At present, no satisfactory explanation is at hand, although conjectures 
are offered. 


Seminar on Diseases of the Pancreas 


Carcinoma ofthe Pancreas. .... . . . EUGENE E. CLIFFTON 


Dr. Cliffton has gone to original sources for his data and the result is a refreshing reappraisal of the 
important problem of carcinoma of the pancreas. The points made differ in some essentials from 
the hackneyed descriptions of many textbooks, for example in the matter of the incidence of pain 
and in the differential diagnosis from carcinoma arising in the ampullary region. There is a note- 
worthy section on surgery of the pancreas, which may go too far for many readers. A full bibliog- 


raphy is appended. 


Review 


Renal Lesions and Acute Renal Failure in Pregnancy 
WILLIAM E. DuNCAN E. SEyMour L. ROMNEY 
AND JOHN P. MERRILL 


There is much controversy and confusion concerning the significance of the renal lesions of preg- 
nancy, and this careful study and interpretation is a welcome addition to the literature on this sub- 
ject. The authors emphasize the importance, in diagnosis and prognosis, of the circumstances 
prior to the development of anuria in pregnancy. Acute renal failure in the course of pregnancy is 
usually due to tubular necrosis secondary to shock or hemolysis and is usually preventable and 
manageable without any sequel of progressive renal damage. Renal cortical necrosis is a less com- 
mon event, an occasional complication of abruptio placentae, and is related to the presence of 
underlying significant nephrosclerosis which increases the tendency to infarctive coagulation 
necrosis. The renal lesion of toxemia of pregnancy is inconstant and inconspicuous and the oliguria 
is probably of extrarenal origin. Whether or not toxemia leaves any permanent impairment of the 
kidneys appears to depend largely upon the presence or absence of antecedent hypertensive dis- 
ease and on the development of such untoward events during delivery as excessive hemorrhage or 
hypotension. Pyelonephritis, hyperemesis gravidarum and other renal aspects of the complications 
of pregnancy are also considered. 
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for tranquilization without lethargy 


for gradual, sustained fall in blood pressure* 


RAUDIXIN 


Squibb Whole Root Rauwolfia Serpentina 


DOSAGE: 200 mg. daily initially; may be 
adjusted within range of 50 to 500 mg. 
per day in single or divided doses, Most 
patients can be maintained on 100 to 200 
mg. daily. 

SUPPLY: 50 mg. and 100 mg. tablets, 
bottles of 100, 1000 and 5000. 


‘navonin’® 19 A SQUIBB TRAOEMARK 


wide safety margin’ 


«Raudixin is not habit-forming. 

«Tolerance has not been reported.? 

eThere is little danger if accidental or intentional 
overdosage should occur. 

eDoes not cause liver dysfunction. 

«Serial blood counts not necessary during maintenance 
therapy. 

Less likely than reserpine to produce depression.° 
*NOTE: The hypotensive activity of Raudixin is specific for the 


hypertensive state. Raudixin does not significantly affect the blood 
pressure of the normotensive patient. 


References: 1. Galambos, A.: Angiology 5:449 (Oct.) 1954; 2. 
Leake, C.D.: Ohio State M.J. 52:369 (April) 1956; 3. Moyer, J.H. 
et al.: A.M.A. Arch. Int. Med. 96:530 (Oct.) 1955. 


SQu IBB Squibb Quality—the Priceless Ingredient 
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Case Reports 


Extreme Obesity Associated with Alveolar Hypoventilation—A Pickwickian Syndrome 
C. SipNEY BURWELL, EUGENE D. Rosin, RoBErRT D. WHALEY 
AND ALBERT G. BICKELMANN 


Wit and erudition are happily combined in this description of the syndrome of obesity, somnolence, 
excessive appetite, twitching, cyanosis, periodic respiration, secondary polycythemia and cor 
pulmonale, which has as its prototype Mr. Wardle’s boy, Joe. In a well studied case the charac- 
teristic physiological derangements are described: decreased vital capacity, decreased maximum 
breathing capacity, alveolar hypoventilation, hypoxemia, hypercapnea and increased respiratory 
dead space. The essential disability is alveolar hypoventilation due to the mechanical liabilities of 
extreme obesity. It is demonstrated that the pulmonary and cardiac abnormalities can be relieved 
by weight reduction. 


A Peculiar Type of Cardiopulmonary Failure Associated with Obesity 
DoucLas CARROLL 


Extreme obesity occasionally is accompanied by right-sided heart failure, hypercapnia and sec- 
ondary polycythemia without significant structural abnormality of the heart and lungs. Two such 
cases are described in this report and a functional explanation, based on the mechanical handicap 
of extreme obesity in respiration, is offered. 


Advertising Index on 3rd Cover 


Change of address must reach us one month preceding month of tissue. 
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recognized 


as a potent, specific anti-arthritic 


established 


by over 100 million patient days 


substantiated 


in more than 7OO published reports 


BUTAZOLIDIN 


(phenylbutazone GEIGY) 


potent, specific 


anti-arthritic 


Based on an impressive background of achievement attained 
over a period of four years involving both long-term and 
short-term therapy in all the major forms of arthritis, 
BUTAZOLIDIN is recognized as one of the most effective 


anti-arthritic agents currently available. 


relieves pain 
improves function 
resolves inflammation 


GEIGY 
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For all diarrheas regardless of etiology 


SULFASUXIDINE®— NEOMYCIN SUSPENSION WITH KAOLIN AND PECTIN 


When diarrhea brings misery to your pa- 
tients, the prime consideration is prompt, 
lasting relief. CREMOMYCIN is so formulat- 
edthat bacillary as well as nonspecific diar- 
rheas respond promptly—often dramatically. 
The comprehensive, yet local antibacterial 
action of neomycin and Sulfasuxidine is 
concentrated in the gut and is complement- 
ed by kaolin and pectin, which soothe 
inflamed mucosa, adsorb toxins, and help 
normalize intestinal motility. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., INC., PHILADELPHIA 1, PA 
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to quiet the cough 
and calm the patient... 


Expectorant action 
Antihistaminic action 
Sedative action 


Topical anesthetic action 


® 
Philadephia 1, Pa. 
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NOW...CORTICOID THERAPY OF SEVERE ASTHMA ‘s 


CAN BE MADE SAFER 


BY CONCURRENT THERAPY WITH Cardalin : 


(protected aminophylline) 


Cardalin increases vital capacity...makes it possible to reduce 


dosage of corticoids and thus avoid risk of side effects 


instead these 


of benefits with 
Cardalin+Corticoids 


these risks... 


@ activation and perforation 
of gastric ulcers 


@ water and salt retention 


@ nervous tension and 
undve mental stimulation 


Cardalin 


provides a full therapeutic dose of 
aminophylline orally wifhout gas- 
tric irritation. 


@ safer control of asthma 


@ quicker remissions 
@ fewer side effects 


@ faster discontinuance 
of corticoids 


@ less costly treatment 


Each tablet contains: 

Aminophylline 5.0 gr. 
Aluminum hydroxide 2.5 gr. 
Ethyl aminobenzoate 0.5 gr. 


For Rx economy, prescribe Cardalin 


IRWIN, 


TO SERVE YOUR PATIENTS TODAY— 


Call your pharmacist for any additional 
information you may need to help you 
prescribe Cardalin. He has been espe- 
cially alerted. 


NEISLER & COMPANY 


in 50's. 


Also available—Cardalin-Phen, con- 
taining Cardalin plus % gr. pheno- 
barbital. 


nou 


“BEMOTINIC:’ CAPSULES 


In the treatment of all common anemias. 


NOW 50% more Ferrous Sulfate 
50% more Folic Acid 


100% more Vitamin C 


ALSO ADDED: |» U.S.P. Unit of Vitamin B:2 with intrinsic 
factor concentrate 


THIS IMPROVED FORMULA CONFORMS TO THE 
MOST MODERN CONCEPT IN HEMATINIC THERAPY 


**Bemotinic’’ Capsules 

Each capsule contains: 

Ferrous sulfate exsic. (4% gr.) ..... 300 mg. 
Vitamin Biz with intrinsic 


factor concentrate U.S.P. .. % U.S.P. Unit 


Vitamin C (ascorbic acid) ........ 100 mg 
Thiamine mononitrate (Bi) ........ 10 mg. 


Supplied 

No. 340—Bottles of 100 and 1,000. 

Also available: “‘Bemotinic’’ Liquid No. 940— 
Bottles of 16 fluidounces and 1 gallon. 


Dosages — Capsules 

In microcytic hypochromic anemia: 1 or 2 
capsules daily (preferably before or after 
meals), or as directed. 

In macrocytic hyperchromic anemias: higher 
dosage levels necessary particularly in initial 
Stages of therapy. 


Ayerst Laboratories * New York, N. Y. « Montreal, Canada 


5662 
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if he’s coughing: 


AMBENYL EXPECTORANT has achieved an out- 
standing record for cough relief because it is 
equally effective in coughs occurring with colds 
and in those where allergy may be a factor. Com- 
prehensive in formulation,AMBENYL EXPECTORANT 
includes selected demulcent and expectorant 
agents, plus Ambodryl,® for potent antihista- 
minic action, and Benadryl,® for antihistaminic- 
antispasmodic effect. These components 
promptly control frequency and severity of any 
uncomplicated cough because they: soothe 
irritated respiratory mucosa, make cough more 
productive, relax bronchial spasm, and relieve 
congestive symptoms. 

2 

+  PARKE, DAVIS & COMPANY 
z DETROIT 32, MICHIGAN 


AMBENYL EXPECTORANT contains in each flu 


Ambodry! hydrochloride 


(bromodiphenhydramine hydrochloride, F 


Benadry! hydrochloride 


(diphenhydramine hydrochloride, Parke 


Dihydrocodeinone bitartrate 
Ammonium chloride 
Potassium guaiacolsulfonate 
Menthol 

FAN ore) ate) | 


Supplied in 16-ounce and 1 


Dosage: Every three or four hours 
teaspoonfuls; children, ¥2 to 1 tea 


Da\ 


Parke 
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FOR MORE 
DEPENDABLE 


SULFONAMIDE 


THERAPY 


ALDIAZO 


Aldiazol-M combines two of the most effec- 


tive sulfonamides, sulfadiazine and sul- 
famerazine, with a systemic alkalizer, sodium 
citrate. High, prolonged blood levels are 
assured, while the danger of crystalluria 
is reduced. 

Because of its inherent safety, it is often 
prudent to use Aldiazol-M instead of anti- 
biotics and thus preclude the risk of sen- 
sitization. 


Supplied as a suspension and as a tablet 


Each teaspoonful contains: 


Sulfadiazine * 
Sulfamerazine * 


Sodium Citrate 


Each tablet contains: 


0.125 Gm. 
0.125 Gm. 


*Microcrystalline 


The S. E. Massengill Company 


Bristol, Tennessee 


New York « Kansas City « San Francisco 
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1.00 Gm. 

Sulfamerazine® ......... 

Sodium Citrate ....... . 0.250 Gm. 


enable busy patients 
to take their worst colds in stride 


CORICIDIN* FORTE 


CAPS ULES 


to suppress symptoms and buoy up the patient’s spirits 
no matter how severe the cold, clinically proved 
CORICIDIN is reinforced in CORICIDIN Forté Capsules 


« with methamphetamine—to counteract torpor and fatigue 
¢ with vitamin C—for stress and anti-infection support 
¢ with antihistamine—in full therapeutic dosage 


Each CorRICcIDIN® Forté Capsule provides: 

Chlorprophenpyridamine maleate .... 4mg. 
Ascorbic acid . . 
Methamphetamine hydrochloride .. . L25mg. 


Packaging : bottles of 100 and 1000 capsules. 


*criterion for comprehensive cold control 


CN-J-83106 


Schering 

‘CORICIDIN 
Forté 
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a gerontotherapeutic preparation 


TO BRIDGE 
GERIATRIC 
STRESSES 


ie 


Post-Surgery Neurasthenia 
Convalescence Poor Nutrition 
Debilitating Disease Emotional Tension 
Fatigue Mental Depression 


VISTABOLIC 


The clinical picture of the geriatric patient may be said to be the 
sum total of decades of stresses and strains. Vistabolic® is a new 
gerontotherapeutic preparation designed to help geriatric patients 
bridge periods of unusual stress. It combines both anabolic and 
adrenal hormones with Vitamin B.» with Intrinsic Factor Concen- 
trate in oral tablets, and anabolic and adrenal hormones with high 
concentrate Liver Injection, U.S.P. in the parenteral form. These in- 
gredients provide the geriatric patient with direct support in areas 
where deficiencies are likely to occur during stressful situations. 


Each oral tablet provides: ' Each ce provides: 
Hydrocortisone 10mg. < anti-stress aid —> Hydrocortisone acetate 1.0 mg. 
Stenediol® (Methandriol) .10.0mg. <« anabolic aid —> Stenediol® (Methandriol) .10.0 mg. 


Bifacton® (Vitamin B:2 < nutritional aid —> Vitamin B12 activity 
w/Intrinsic Factor Con- (Pernaemon® Liver 


% U.S.P. Injection, U.S.P.) 20.0 meg. 


oral unit 


Available in 10-cc vials and boxes of 30 tablets 
Professional literature available on request 


ORANGE, N. J. 
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(ETHCHLORVYNOL, ABBOTT) 


nudges your patient to sleep 


Nonbarbiturate. Gently calms the nervous insomnia patient, bringing tranquil 


sleep in 15-30 minutes. Wears off in about 5 hours, so 


patient normally awakens next day free of hangover. ObGott 


¢ 
| 
; 
611023 


NNS13aS 


S eis u 


quickest way to relieve the itching, scaling, 
burning of seborrheic dermatitis and dandruff. 


The first few Selsun applications control symptoms 
—then each application keeps the scalp healthy up 
to four weeks. Effective in 81-87% of seborrheic 
dermatitis, 92-95% of dandruff cases. And Selsun 
is as simple to use as a shampoo. Sold only 


on prescription, Selsun Suspension 
comes in 4-fluidounce plastic bottles. Obbott 


“Selenium Sulfide, Abbott 
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new certainty 
antibiotic therapy 
particularly for the 
90% of patients 
treated in home , 
or office 


NCW 


igmamycin 


OLEANDOMYCIN TETRACYCLINE 


*TRADEMARK 
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for 
your 


a new maxunum 
in therapeutic 


effectiveness 


a new maxumum 
in protection 


against 
resistance 


a new maxumum 
in safety and 


toleration 


multi-spectrum 
synergistically 
strengthened 


OLEANDOMYCIN TETRACYCLINE 
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new certainty 


in antibiotic therapy, 
particularly for 

the 90% of patients 
treated at home 

and in the office 


Superior control of infectious dis- 
eases through superior control of 
the changing microbial population 
is now available in a new formu- 
lation of tetracycline, outstanding 
broad-spectrum antibiotic, with 
oleandomycin, Pfizer-discovered 
new antimicrobial agent which 
controls resistant strains. The syn- 
ergistic combination now brings to 
antibiotic therapy: (1) a new fuller 
antimicrobial spectrum which in- 
cludes even “resistant” staphylo- 
cocci; (2) new superior protection 
against emergence of new resist- 
ant strains; (3) new superior safety 
and toleration. * TRADEMARK 


Pfizer 
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superior control 

of infectious disease through 
superior control of the 
changing microbial population 


Sigmamycin 


OLEANDOMYCIN TETRACYCLINE 


A synergistically strengthened multi-spectrum antibiotic 


Sigmamycin is a new antibiotic formula- 
tion providing: (1) the unsurpassed broad- 
spectrum activity of tetracycline, the 
outstanding broad-spectrum antibiotic 
discovered and identified by Pfizer; (2) the 
action of oleandomycin, the new antimi- 
crobial agent which combats those strains, 
particularly among staphylococci, now re- 
sistant to tetracycline and other antibiotics. 


Sigmamycin embodies a new concept in 
the use of antibiotics, for with this new 
synergistically active preparation, the 
development of refractory pathogens and 
their emergence as important sources of 
superinfection are more fully controlled. 


New superior safety and toleration— 
Sigmamycin brings to antibiotic therapy 
new superior safety, new unexcelled tol- 
eration because: (1) tetracycline, an out- 
standingly well-tolerated antibiotic, is 
formulated with oleandomycin, also 
known to be remarkably free of adverse 
reactions; (2) the synergism between 
oleandomycin and tetracycline enhances 
antimicrobial potency. 


Dosage: 1 to 2 capsules q.i.d. 


Supplied: Capsules, 250 mg. (oleandomy- 
cin 83 mg., tetracycline 167 mg.) Bottles 


of 16 and 100. 
Pfizer 


“TRADEMARK 


Prizer LasorarTories, Division, Chas. Pfizer & Co., Inc., N. Y. 
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cough relief 
for the 


EXPECTORANT 


mBENYLIN 
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bacteriologic after 
therapy 
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\ \ 2/22/56 DISCHARGE SUMMARy 
Patient, White Male, age 4, Entered the Clinic on, 2/13/56, 
With a history Of Yellow discharge from the right Car, a —— 
fever 2nd sore throat Of two days duration 
Temperature orally was 100° Pharyny infecteg tonsils 
inflamed, Crusteg Purulent Materia) Seen in right ear Cana]: 
\ tympanic Membrane norma]. Diagnosis -- tonsillitis and 
\ Otitis externa. 
\ Culture revealed Staphvlococey< aureus, C0agulase PoSitive, 
\ Tesistant to Penicillin and SENSitive to “tythromycin’ 
. 
ERYTEROCHy ( thromycin) Was Starteg in doses of a“ 
25 Mgm/kg 400 mgm in 4 equally divideg doses, 
After 24 hours of therapy ent was afebrile and Comfort. 
able, T=99, 6 Throat Slightly infecteg Secretion; in ear 
Cana] Were dry ang both tympanic Membranes Were norma), 
Culture On 2/15 Showeg no C0agulase POSitive Staphylocoog; 
{ OF Other Pathogens On 2/22, follow-yp Showeg him 
to be Complete) y Symptomatic 2nd free of unusua] Physica) 
oh Sie findings, The drug Was Stoppeg at this time, 
Fina] Diagnosis. tonsillitis and otitis “xterna due to 
wre a 
w 


“clinical response 
good or excellent” 


In one recent study, 18 patients with acute follicular tonsillitis and septic sore throat, 
were given erythromycin. Infecting organism was Str. pyogenes. The investigator stated, 


“In all 18, the clinical response could be regarded as either good or excellent. 


This, of course, is only one of many reports showing the effectiveness of ERYTHROCIN 
against coccic infections. You'll get the same good results (nearly 100%. in common, 


bacterial respiratory infections) when you prescribe Filmtab ERYTHROCIN. 


“toxicity lower 
in erythromycin-treated 
patients”’ 


After a study of 208 patients treated with erythromycin (78), procaine penicillin (78) and 
a placebo (52), the investigator stated: “. . . the incidence of toxicity (compared to 


procaine penicillin) was significantly lower in the erythromycin-treated patients. 


Actually, ERYTHROCIN stands on a remarkable record of safety. After four years, 
there’s not a single report of a severe or fatal reaction attributable to erythromycin. 


Also, allergic reactions rarely occur. Filmtab ERYTHROCIN Stearate (100 and 250 mg.), 


bbott 


® Filmtab—Film sealed tablets, Abbott; pat. 
applied for. 

1. Herrell, W. E., Erythromycin, Antibiotics 
Monographs, No. 1, p. 29, New York, Med- 


ical Encyclopedia, Inc., 1955. 
tab. 


Erythrociny sus 


{Erythromycin Stearate, Abbott) 


is available in bottles of 25 and 100, at all pharmacies. 
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Establishing {.{ desired eating patterns 


(4 


j 


and the 60-10-70 Basic Plan 


In the development of good eating 
habits, medication is important, 
not only in initiating control, but also 
in maintaining normal weight.!2.3 
Obedrin contains: 


Formula 
e Methamphetamine for its anorexigenic and mood- Semoxydrine HCl (Metham- 
lifting effects. phetamine HCl) 5 mg.; Pen- 
. . . tobarbital 20 mg.; Ascorbic 
. Pentobarbital as a balancing agent, to guard against acid 100 mg.; Thiamine HCI 
excitation. 0.5 mg.; Riboflavin 1 mg.; 
e Vitamins B, and B, plus niacin to supplement the diet. Niacin 5 mg. 
e Ascorbic acid to aid in the mobilization of tissue 


fluids. 1]. Eisfelder, H.W.: Am. Pract. 


& Dig. Treat., 5:778 (Oct.) 
Since Obedrin contains no artificial bulk, the hazards 1954). 


of impaction are avoided. The 60-10-70 Basic Plan peep eager amma 
provides for a balanced food intake, with sufficient 


: 3. Sherman, R.J.: Medical 
protein and roughage. Times, 82:107 (Feb., 1954). 


chee, THE S. E. MASSENGILL COMPANY 


and samples of Obedrin. BRISTOL, TENNESSEE 
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» MECHANICAL BARRIER 


TRAUMA with i: 


edema 


njections of PARENZYME, every 
12 hours. Some decrease of edema 
ter 18 hours. After 36 hours, 
e were open. After 96 
a fluid and hemor- 
contusions 

ent completed. 


1X 


LAR TRYPSIN 


IT} ; 


alters the chemical and enzymatic phase of circulatory 
stasis in acute edematous and inflammatory condi- 
tions. Local circulation is re-established permitting 
all physiologic processes of repair to proceed un- 
impeded.' Edema fluid and necrotized tissue are 
resorbed, pain is quickly reduced, the inflammatory 
process is controlled and reversed with speeding of 
the healing process. *-*:4 
Menkin’s concept? is that the local circulation is cut 
off in these conditions by soft fibrin and other 
denatured macromolecular deposits clogging the 
capillaries, lymphatics and intercellular tissue 
spaces.”’’ The degree of the fibrinogen to fibrin 
polymerization is not such as to make it compar- 
able with the fibrin of a fixed, formed clot. 
PARENZYME, the first parenteral proteolytic 
enzyme, has a direct depolymerizing effect on the 
soft fibrin and other macromolecules which form 
a mechanical barrier around the injured area.* 


INDICATIONS: The cardinal indi- The film, CLINICAL ENZYMOLOGY, is 


cation for PARENZYME is acute 
inflammation; traumatic wounds, 
skin ulcers, vascular disorders, 
ophthalmic inflammations. 


available for showing at all medical 
meetings upon request. And be sure to 
watch for the Med-Audiographs, a series 
of recorded clinical discussions. 


REFERENCES 
1. Wildman, 
Seligman, B.. o State Med. J. 51:44 
3. Golden, H. T.. Clinical Med. 2:58: 
4. Golden. H. T., Delaware State Med. J. 26:267, 
1954. S. Menkin, V., Dynamics of Inflammation, 
New York, MacMillan Company, 1950. 6. Inner- 
field, I.. Surgery 36:1090, 1954. 7. Campagna, 
F. N. and Hopen, J. M., Delaware State Med. J 
27:50, 955. 8. Martin, G. J., Exper. Med. & 
Surg. 13:156, 1955. 


J., Angiology, 6: 3, 1955 
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PRODUCTS OF ORIGINAL 


THE NATIONAL DRUG COMPANY PHILADELPHIA 
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Teas Timm w tailspin, 


Evidence of poor tissue nasties is often already 


present in the aging patient, and poor 
capillary status further aggravates 


tissue starvation. 


Some common symptoms of the geriatric patient, 
indicative of capillary fault: 
easy bruising tendency to bleed from 
difficult healing skin and mucous. membranes 


muscle and joint pains susceptibility to infection 


gingival and dental hematuria 


complaints epistaxis 


for the nutrient suy ng vascul term ini, restoring : 

ma intaining normal c api 11] ary sina ibility , to hel ip prevent 
hemorrhage and enhance utilization of essential tissue 
nutr ients and 

Adequate intake of HESPER-C makes the difference 
mitigating the effects of ailments common to the aging 


Indications: Routine preventive geriatrics — to establish a better balance 
of tissue repair versus tissue destruction in the aging patient; 
cardio- and cerebrovascular diseases; diabetes and diabetic 
retinopathy; epistaxis; upper respiratory infections; purpuras; 
arthritis; fractures. HESPER-C hastens postoperative recovery. 


Now available, ient New HESPER-C LIQUID. eo @ 
w available, convenient New Q om 


HESPER-C provides 100 mg. of fully active hesperidin REFERENCES: 1. Gale, E. T. and 
concentrate plus 100 mg. ascorbic acid per capsule or per Cae tee ae tne 
teaspoonful (5 ml.). DOSAGE: No less than 6 capsules or Hesperidin and Ascorbic Acid. Nat- 
teaspoonfuls daily. Maintenance dose 4 capsules or teaspoon- 
fuls daily. SUPPLIED: Liquid in bottles of 4 oz. and 12 oz. 1954. 3. Drezner, H. L., et al.: 


Capsules in bottles of 100 and 1000. es eee 


PRODUCTS Oo F ORIGINA L RESEARCH 


THE NATIONAL DRUG COMPANY PHILADELPHIA 44, PA 
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IN DIABETES... 


greater security 


against vascular complications 


Increased threat of vascular complications 

in diabetic patients can result from recurring 
episodes of inadequate control; at such times 
amino acids are “wasted” by de-amination 
in the liver and normal dietary security 


against lipotropic deficiency fades. 


TRADE MARK 


(Sherman Lipotropic Capsule) One capsule t.i.d. 


Gericaps contain the true lipo- prove capillary integrity, as 
tropics, choline and inositol, well as 3000 units vitamin A, 
which are unaffected by de- 3 mg. thiamine hydrochloride, 
amination in the liver. Three 3 mg. riboflavin, 12 mg. nia- 
capsules daily provide the cinamide, 0.75 mg. pyridoxine 
equivalent of 3 Gm. choline hydrochloride, and 3 mg. cal- 
dihydrogen citrate. cium pantothenate. 

This dose also provides 60 
mg. rutin and 37.5 mg. ascor- 
bic acid to maintain or im- 


SEND FOR comprehensive review 


SHERMAN LABo 
HAR 


ICALS 


RATORIES 
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Each capsule contains: 


Vitamin By» with Intrinsic 


Factor Concentrate 
1 U.S.P. Oral Unit PRONEMIA 


Vitamin Bi» (additional) is the 
15 mcgm. 


Powdered Stomach 
200 meg. 

Ferrous Sulfate Exsiccated most 
400 mg. 


Ascorbic Acid (C) potent 
150 mg. 


Folic Acid 
— of all 


hematinics ! 


PRONEMIA 


Hematinic Lederle 


Compare this formula with that of any other hematinic, and you will 
find that PRONEMIA is clearly, measurably more potent. Every known 
hemopoietic is included, and each one is present in generous 
quantity. You can confidently prescribe PRONEMIA for all treatable 
anemias, including maintenance of pernicious anemia patients. 
Dosage: just one capsule daily! 


filled sealed capsules 
(a Lederle exclusive!) for more 
rapid and complete absorption. 
LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK t Lederte ) 


REG. U.S. PAT. OFF. 
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The Original 
Alseroxylon 


for the 


\ 


Somatic 


the Psychic Phase of 


In addition to its gentle antihypertensive 
action, Rauwiloid provides psychic tran- 
quility and overcomes tachycardia. Thus 
Rauwiloid participates in both the somatic 
and psychic phases of therapy for hyper- 


LOS ANGELES 


tension. Treatment in all types of hyper- 
tension may begin with Rauwiloid. 80% 
of mild labile hypertensives require no 
additional therapy. Dosage is definite and 
easy: two 2 mg. tablets at bedtime. 


therapy 


in 


Urinary- 


Tract 


infections 


SUSPENSION TABLETS 


SULFOSE 


Triple Sulfonamides 
(Sulfadiazine, Sulfamerazine, Sulfamethazine) 


Philadelphia 1, Pa 


For 
more 
7 


elect the children’s choice 


PALADAT 


liquid vitamin supplement 


stands on its record of delightful orange color, aroma, flavor 


AMERICAN 


MOTHERS 
for 


PALADAC 


support 
good nutrition 


ensure 
kiddie cooperation 


end refrigeration 
problems 


WHEN ELECTED 
PALADAGC Will Provide In Each 4 cc.: 


Vitamin A 
Vitamin D 
Vitamin B: (thiamine hydrochloride) 
Vitamin Be (riboflavin) 
Nicotinamide (niacinamide) 
Vitamin Be ( pyridoxine hydrochloride ) 
Pantothenic Acid (as the sodium salt) 
Vitamin Bie (crystalline)... . 
Vitamin C (ascorbic acid) 
Supplied in 4-ounce and 16-ounce bottles. 


PARKE, DAVIS & COMPANY « DETROIT, MICHIGAN 
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Aig h 
000 units 
+ 3 mg. 
3mg. 
20 mg. 
mg. 
: - 5 mg. 
| 5 mcg. 
50 mg. 
: ID: $0083 
zs* 


intramuscular 
intravenous 


most convenient 

preparation 


dose or interval 


_DIGITALINE NATIVELLE > 


Now with Digitaline Nativelle Intramuscular, a 
range of routes of administration is available. This prepara- = 
_tion—specifically designed for I.M. use—avoids irritation 
often encountered when I.V. forms are administered intra- 
muscularly. The dosage schedule with DIGITALINE | 
NATIVELLE need never be changed because of change in. 
the route of administration. The same advantages are pro- 
vided by all forms, enabling the physician to cope with any . 
change in the patient's status. Prescribe DIGITALINE 
NATIVELLE— original pure crystalline digitoxin pure 
~ active principle . complete absorption - rapid onset of action 
smooth, even maintenance frequent dosage readjustment . 


“Consul your Physicians’ Desk Reference for dosage information. 


VARICK Pharmacal Inc. 
(Division of E. Fougera & Co., Inc.) 
75 Varick Street, New York 13, N. 
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all the benefits of the “predni-steroids? 
plus positive antacid action A 
to minimize gastric distress 


ROUTINELY ACHIEVED WITH 


(Prednisone Buffered) 


Clinical evidence!.2-3 indicates that 
to augment the therapeutic advan- 
tages of prednisone and predniso- 
lone, antacids should be routinely 
co-administered to minimize gas- 
tric distress. 


References: 1. Boland, E. W., J.A.M.A. 
160:613 (February 25) 1956. 2. Margolis, 
H. M. et al., J.A.M.A. 158:454 (June 11) 

Bollet, A. J. et al., J.A.M.A. 
158:459 (June 11) 1955. 
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Multiple 
Compressed 
Tablets 


Co-Hydeltra 


2.5 mg. or 5 mg. 
prednisone or 
prednisolone with 
50 mg. magnesium 
trisilicate and 

300 mg. aluminum 
hydroxide gel. 


*CO-DELTRA’ and ‘CO-HYDELTRA’ are trademarks of MERCK & Co., INC. 


(Prednisolone Buffered ) 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., INC. 
PHILADELPHIA 1, PA. 
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clinically proved in millions of patients 


PE 


Squibb 200,000 Unit Buffered Penicillin G 


The measure of success with Pentids in treatment of the more common bacterial infections: 
Effectiveness and safety confirmed by five years’ experience in millions of patients Convenient 
t.i.d. dosage—may be given without regard to meals Economical for the patient—far less cost 
than newer penicillin salts Bottles of 12 and 100 tablet 


SQUIBB (is Squibb Quality—the Priceless ingredient 


*pentips’® 18 a TRADEMARK 
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NOW- errective STEROID HORMONE 
THERAPY OF RHEUMATIC AFFECTIONS 
WITH GREATER SAFETY AND ECONOMY 


( Robins 


Pabaluate 
Hydro 


Clinical evidence 
indicates that, in 
Pabalate-HC, the 
synergistic antirheu- 
matoid effects of 
hydrocortisone, 
salicylate, para-aminobenzoate, and ascor- 
bic acid achieve satisfactory remission of 
symptoms in up to 85% of cases studied 


—with a much higher degree of safety 


FORMULA —even when therapy is maintained for 
In each tablet: long periods 


Hydrocortisone (alcohol) 2.5 mg. 


Potassium salicylate . 0.3 Gm. —at significant economy for the patient 


Potassium para-aminobenzoate.. 0.3 Gm. 


; AVAILABLE 
Ascorbic acid 50.0 mg. 


j Each tablet of Pabalate-HC contains 2.5 FOR YOUR 

DOSAGE. Two tablets four times daily. ; ; 

Additional information on request. mg. of hydrocortisone — 50% more potent PRESCRIPTION 
than cortisone, yet not more toxic. NOW 


A. H. ROBINS CO... ING. RICHMOND 20, VIRGINIA 
Ethical Pharmaceuticals of Merit since 1878 


4 ‘ 


34 


When less potent 
antihypertensives fail... 


Ecolid Pentolinium Hexamethonium 
2 mg./kg. 2 mg./kg. | 2 mg./kg. 


The greater potency and longer action of Ecolid can be seen in acom- 
parison of its effect with the effects of other ganglionic blockers on the 
nictitating membrane of the unanesthetized dog.’ 


™ ® Clinically, reduction in blood pressure instituted with Ecolid was 
more effective, more consistent and more prolonged at a lower 
oral dosage than with other ganglionic blockers, including hexa- 
methonium and pentolinium.?-* Patients preferred Ecolid to 
hexamethonium “,.. for reasons varying from relief of constipa- 


tion to need to take fewer tablets a day.’’* Ecolid is recommended 
chloride in moderate, severe, even malignant hypertension. 
For complete information on dosage recommendations, man- 
(chlorisondamine chloride CIBA) agement of side effects and precautions, please write Medical 
Service Division for booklet entitled “Ecolid —A New Gangli- 
onic Blocker for Hypertension.” 


1. Plummer, A. J., Trapold, J. H., Schneider, J. A., Maxwell, R. A., and Earl, A. E.: J. 

Pharmacol. & Exper. Therap. 115:172 (Oct.) 1955. 2. Grimson, K. S.: J.A.M.A. 158:359 (June 4) 

1955. 3. Smith, J. R., and Hoobler, S. W.: Univ. Michigan M. Bull. 22:51 (Feb.) 1956. 4. 
C I B A Grimson, K. §., Tarazi, A. K., and Frazer, J. W., Jr.: Circulation 11:733 (May) 1955. 


SUMMIT, N. J. Supplied: Ecolid Tablets (Rotocotes),25 mg. (ivory) and 50 mg. (pink). 
ROTOCOTES (dry-compressed, coated tablets CIBA) 2/2324m 


Contro 
1 ho ur 
A 
4 hours 
+ 
8 hours 


hasten 
convalescence 
with 


) ST RESSCAPS 


Stress Formula Vitamins Lederle 


STRESSCAPS, a complete vitamin formula that 
provides essential nutritional supplementa- 
tion in eases of shock, trauma, burns, frac- 
tures, etc. 


STRESSCAPS promote wound healing, and 
stimulate antibody production as well as 
providing a nutritive reserve of water- 


soluble vitamins. 


EACH CAPSULE CONTAINS: 

Thiamine Mononitrate (B,) 

Riboflavin (Ba) 

Niacinamide 

Pyridoxine HCl (Bg)............. 
Vitamin By 

Folic Acid....... 

Calcium Pantothenate 


Vitamin K (Menadione) 


STRESSCAPS are supplied in a dry-filled sealed 
capsule, thereby eliminating any distasteful 
fats or oils and unpalatable after-taste. 


AVERAGE DOSE: 1-2 capsules daily depending 
upon the severity of the condition. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK C Lederte ) 
*reo U.S. PAT. OFF. 


35 
La 
\ : 
4 . 10mg. 
ii 100 mg. 
300 mg. 
4 mcgm. 
. 1.5 mg. 
filled sealed capsules 


(DESOXYN?plus NEMBUTAL?) 


PHOTOGRAPH BY JIM BROWN 
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to dispel anxiety and depression 


One capsule represents 5 mg. DESOxYN (Methamphetamine, Abbott) 


Hydrochloride and 30 mg. NEMBUTAL (Pentobarbital, Abbott) Sodium. 
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The Sanborn 
Viso-Cardiette 


TYPICAL TECHNICAL 
BULLETIN ARTICLES 


Nomenclature and 
Derivation of All 
Presently-Used Leads 


Answers to Basic 
Questions about 
Standardization 


The Personal Side 
of Metabolism Testing 


Check List for 
Instrument Checkup 


Basic Layout and 
Equipment for a 
Testing Room 


And many others 


gets this 
exclusive 


service 


The Sanborn 
Metabulator 


VERY two months the Sanborn 

Technical Bulletin is sent free of charge 
to all Viso-Cardiette and Metabulator owners, to 
help them get the greatest possible usefulness from 
their Sanborn electrocardiographs and metabolism testers. 
How the Technical Bulletin does this is well illustrated 
in the typical article titles listed at the left. Practical, 
timely information on ECG and metabolism testing 
techniques, accessories, and services are presented in 
every issue. And, many of the articles are written 
in answer to specific questions sent in by 
doctors and technicians. 

This unique publication is now in its 36th year, and 
remains a benefit found only in Sanborn instrument 
ownership. As a continuing source of helpful data, the 
Technical Bulletin is still another example of how 
Sanborn keeps your interests and satisfaction in mind 
for as long as you are a Sanborn owner. 


SANBORN COMPANY 


Cambridge 39, Massachusetts 
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optimum nutrition...while the lady waits 


NATABEC KAPSHALS 


vitamin-mineral combination 


Since optimum nutrition is important to the 
well-being of women in pregnancy and during 
lactation, dietary supplementation is fre- 
quently indicated. By providing essential vita- 
mins, the intrinsic factor, iron, and calcium, 
NATABEC Kapseals contribute to better pres- 
ent and future health for the obstetrical patient 
and her child. 


ciosage: As a dietary supplement during preg- 
nancy and lactation, one or more Kapseals daily as 
directed by the physician. Available in bottles of 100 
and 1,000. 


PARKE, DAVIS & COMPANY 
DETROIT, MICHIGAN 
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the first thought for pain relief 


Prescribe 1/20 gr. DILAUDID HCI Tablets or Ampules for Prompt Relief of Pain 


Pain relief without hypnosis 
Smooth, quick action 

Minimum of side effects 

An opiate, may be habit forming 


*Dilaudid is subject to Federal narcotic regulations. 
Dilaudid®, brand of Dihydromorphinone, a product of E. Bilhuber, Inc. 


BILHUBER-KNOLL CORP. distributor 
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For the iw ambulant asthmatic: 
the only tablet Es that relieves 
asthma with nebulizer speed 


for 4 full hours bd bd bq bd 


First, hold tablet under tongue 5 minutes for quick bronchodilation 
from sublingual aludrine. 

Then, swallow NEPHENALIN tablet for 4-hour asthma relief with 
theophylline-ephedrine-phenobarbital. 

Dose: 1 tablet as needed (up to 5 a day). Bottles of 20 and 100. 
Tuos. Leeminc & Co., Inc., New York 17, N. Y. 


Nephenalin Nephenalin 


( for adults) PEDIATRIC 


CYCLINE 


BRISTOL LABORATORIES INC., SYRACUSE, N. Y 
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at 
‘bre 


fete stops, 


mornirig\ 
sicknes 


90-95% effective,’? “no side effects were observed”? one tablet at bedtime 


1. Groskloss, H. H. et al: Bonadoxin®: a unique control for nausea and vomiting of 
pregnancy. Clin. Med. 2:885 (Sept.) 1955. 2. Tartikoff, G.: The antiemetic function of 
Bonadoxin in the nausea and vomiting of pregnancy. Clin. Med. 3:223 (Mar.) 1956. 


Chicago 11, Ill. 
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as nature provides them... 


HOMAGENETS 
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Supplied: White, 5 mg. oral tab- 
lets, bottles of 20 and 100. Pink, 
1 mg. oral tablets, bottles of 100. 
Both are deep-scored. 


*Schwartz, E.: New York J. Med. 
56:570, 1956. 


; 


a, 
| 


brand of prednisolone 


one of “the best therapeutic agents 
now available”* 


provides restoration of breathing capacity — Relief of symptoms 
[ bronchospasm, cough, wheezing, dyspnea] is maintained for lon 

periods with relatively small doses.* 


minimal effect on electrolyte balance — “in therapeutically effective 
doses... there is usually no sodium or fluid retention or potassium 
loss.”* Lack of edema and undesirable weight gain permits more 
effective therapy particularly for those with cardiac complications. 


SBORATORIES, Brooklyn 6, New York 
Division, Chas. Pfizer & Co., Inc. 
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new 


Against Pathogen & Pain 


in urinary tract infections 


Azo Gantrisin combines the single, soluble 
sulfonamide, Gantrisin, with a time-tested 


urinary analgesic - in a single tablet. 


Prompt relief of pain and other discomfort is 
provided together with the wide-spectrum 
antibacterial effectiveness of Gantrisin which 
achieves both high urinary and plasma levels so 


important in both ascending and descending 


urinary tract infections. 
Each Azo Gantrisin tablet contains 0.5 Gm Gantrisin ‘Roche’ plus 50 m 


phenylazo-diamino-pyridine HCl. Gentrisin® - brand of sulfisoxazole 


Original Research in Medicine and Chemistry 
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for control of Pe fluid balance 


By inhibiting carbonic 

anhydrase, DIAMOX produces 
prompt, ample diuresis. Taken 

in the morning, its effect ceases 
within 6-12 hours thereby permitting 
uninterrupted sleep at night. 


This nontoxic drug—the most widely 
prescribed of its kind—is particularly suited to long-te 
since patients do not readily develop toleran 


DIAMOX is also effective in the treatm 
premenstrual tension, the edema as 


nancy, and edema ee types of ele 


tablets for6ral u 
7 500 sc S for in enods use 


in cases 


Acetazolamide Lederie 


the nonmercurial diuretic 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK CD 
* 
REG. U.S. PAT. OFF. 
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after severe illness...the water-soluble vitamins 


Srock Mo. 


ombex with 
Vitamin C Kapseals” 


After severe injury or illness, vitamin deficiencies are most 
frequently due to lack of water-soluble vitamins.* By prescribing 
COMBEX WITH VITAMIN C KAPSEALS you provide convalescent 
patients with dependable dosage of several factors of the vitamin 
B-complex and of vitamin C—both in a single, convenient KAPSEAL.. 


Other members of the COMBEX family include: 
COMBEX KAPSEALS 
COMBEX PARENTERAL 
THERA-COMBEX’ KAPSEALS — Therapeutic doses of factors of vitamin B-complex 
and of vitamin C with Taka-Diastase® 
TAKA-COMBEX” KAPSEALS—Factors of vitamin B-complex, C, and Taka-Diastase 
TAKA-COMBEX ELIXIR—Factors of vitamin B-complex and Taka-Diastase 


—factors of vitamin B-complex 


*Pollack, H., and Halpern, S. L.: Therapeutic Nutrition, Washington, D. C., National Academy of Sciences — 
National Research Council, 1952, p. 21. 50054 
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you’d never know he has a peptic ulcer 


= 


+ 


he’s symptom free... 
Gay after day after day... 


week after week after week 


cholinolytio 


\PIPTAL, 


* normacid gastric action 
* normalizes G.I. tonus and motility 
* prolongs remissions, curbs recurrences 


* virtually free from “anticholinergic” 
side effects 


One tablet t.i.d. before meals and 1 or 2 tablets 
at bedtime. PIPTAL is the only brand of 
N-ethyl-3-piperidyl-benzilate methobromide. 
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Only two doses a day 
for round-the-clock 


antibacterial therapy 


new 


In most cases, you can now provide 
antibacterial treatment around the clock 
with only two doses of Lipo Gantrisin 
daily. By producing adequate 
twelve-hour blood levels, Lipo Gantrisin 
‘Roche’ simplifies the treatment 

of children and chronic invalids. 

This palatable liquid provides all the 
therapeutic advantages 


of Gantrisin on a b.i.d. schedule. 


Lipo Gantrisin® Acetyl—brand of acety] 


sulfisoxazole in vegetable oil emulsion 
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For controlling cough 


[5 AT LEAST AS EFFECTIVE AS CODEINE 


Milligram for milligram, 
Romilar is equal to codeine 
in specific 

antitussive effect 


For avoiding unwanted side effects 


ROMILAR 1S CLEARLY BETTER THAN CODEINE 


Non-narcotic, 
non-addicting— 

does not cause drowsiness, 
nausea, 

or constipation 


Hoffmann-La Roche Inc*Nutley:N. J. 


Romilar® Hydrobromide—brand of dextromethorphan hydrobromide. 


Syrup, Tablets, Expectorant (w/NH ac! 


just 1 
tablet daily 


helps meet the increased 


nutritional requirements 
of pregnancy 


Each Engran Tablet supplies: 


5,000 U.S.P. Units 
Vitamin D 500 U.S.P. Units 
Vitamin K (as menadione) .... 0.5 mg. 
Thiamine mononitrate 
Riboflavin 
Pyridoxine HCI 
Vitamin Biz activity concentrate ....... 2 mcg. 
Folic acid .. .....0.25 mg. 
Niacinamide ....................... 
Calcium pantothenate ..... 
Ascorbic acid ..... . 75 mg. 


Calcium, elemental ............. . 150 mg. 
(as calcium carbonate 375 mg.) 


iron, elemental ....................... 
(as ferrous sulfate exsiccated 33.6 mg.) 
0.15 mg. 


Potassium (as the sulfate) ................. 5 mg. 
Copper (as the sulfate) a 
Magnesium (as the oxide) .................. 6mg. 
Manganese (as the sulfate) ................. 1 mg. 
Zinc (as the sulfate) .............. 
supplied in bottles of 100 and 1000 
capsule-shaped tablets 


new small size 
capsule-shaped tablet 


EINGRAIN 


SQUIBB VITAMIN-MINERAL SUPPLEMENT 


new formula 


SQUIBB 


"EWGRAN’® 4 SQUIBB TRADEMARK 


49 
y 
y 
‘ 
ow’ 
(as potassium iodide 0.2 mg.) 
2 
4, 
“4 


smooth 
hypnotic 


without 
barbiturate 
after-effect 


50 
effect 


Dosage: 


As a hypnotic— 

0.5 Gm. at bedtime 

As a daytime sedative — 
0.125 or 0.25 Gm. t.i.d. 


Supply: 


Tablets, 0.125 Gm., 
0.25 Gm. (scored) 
and 0.5 Gm. (scored) 


Doriden: 
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for a sound 
sleep tonight, 
a calm day 


| 
Nembu-Serpin 


Restful nights are added to calm days for anxiety and mild hypertension 
patients when you prescribe Nembu-Serpin. The 30 mg. (% gr.) of short-acting 
Nembutal (Pentobarbital Calcium) in each tiny Filmtab quickly induces drowsiness at 
bedtime, followed by refreshing sleep. Then the 0.25 mg. of longer-acting reserpine in 
each Filmtab calms patients all through the following days. 

Patients experience almost immediate relief as Nembu-Serpin’s 
sedative-tranquilizing action rapidly takes effect. Then their sense of well-being in- 
creases during the following few days. Nembu-Serpin avoids prolonged waiting for a 
cumulative response to reserpine. 


Small dosages add safety, simplicity, economy for patients. Dosage 


schedules are simple, medication economical: just one Nembu-Serpin Filmtab at bed- 


time will calm the worries of most anxiety patients. 
Nembu-Serpin Filmtabs—in bottles of 100 and 500. bbrott 


®Film-sealed tablets 


604161 
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helping the epileptic to help himself 
WEI TIN: 


Kapseals® and Suspension 


(phensuximide, Parke-Davis) 


A drug of choice in initiating treatment and, after five years of study, found least toxic of all effective drugs.’ 
Often effective in patients refractory to other therapy ...and often of definite value in some patients with psy- 


chomotor epilepsy. 
MILONTIN Kapseals, 0.5 Gm., bottles of 100 and 1,000; also available as MILONTIN Suspension (250 mg. per 4 cc.) in 16-ounce bottles. 


DILAN TIN’ SODIUM 


(diphenylhydantoin sodium, Parke-Davis) 


Alone or in combination, DILANTIN continues as an anticonvulsant of choice...with time-tested advantages 
of greater safety and lack of hypnotic activity.*° 

DILANTIN Sodium is supplied in a variety of forms — including Kapseals of 0.03 Gm. (% gr.) and 0.1 Gm. (1% gr.), bottles of 100 and 1,000. 
For patients with mixed grand mal—petit mal epilepsy, MILONTIN may be used in combination with DILANTIN 
Sodium or with DILANTIN Sodium with Phenobarbital. 

(1) Zimmerman, FE T.: New York J. Med. 55:2338, 1955. (2) Drake, F R.: Am. J. M. Sc. 230:98, 1955. (3) Levy, L., & Shanbrom, E.: Arch. 


Int. Med. 97:599, 1956. 
CA 


| PARKE, DAVIS & COMPANY + DETROIT 32, MICHIGAN 
Bac’ . 
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to help children eat more, 


grow more! 


INCREMIN combines the amino acid 

iysine with vitamins Bi, Bs and By— 

essential nutrients that stimulate appetite, 
and promote more efficient utilization 

of protein. For children who are problem 
eaters, for the underweight, for the generally 
below-normal child—INCREMIN 

will usually produce a remarkable 

and prompt improvement! 


Cherry flavor. Can be mixed with milk, 
milk formula, or other liquid. In 15 
cc. polyethylene dropper bottle. 


Dosage: 0.5 to 1 cc. (10-20 drops) 
daily. Each cc. (20 drops) contains: 
I-Lysine HCI 

Vitamin 

Thiamine HCI (B;) 

Pyridoxine HCI (Bz) 

Alcohol 


Excellent for the elderly! INCREMIN serves 
equally well to stimulate lagging appetites in geriatric patients. 


NCREMIN 


Lysine-Vitamin Drops 


CED LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 


REG. U.S. PAT. OFF, 
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DIURETIC OF 
CHEMICAL 
DISTINCTION 


FOR CLINICAL 
DISTINCTION 


THIOMERIN: 
SODIUM 
MERCAPTOMERIN SODIUM 


“Sterile mercaptomerin sodium [THIOMERIN 
sodium] is an effective mercurial diuretic that 
produces much less local irritation on 
injection than other organomercurial 
compounds used for this purpose.’ 


Combining smooth action with high effec- 
tiveness, THIOMERIN adds the striking bene- 
fit of minimal toxicity, both local and 
systemic.!. 


Unlike all other mercurial diuretics, 
THIOMERIN is a thionated compound. Its dis- 
tinctive formulation substitutes sodium thio- 
glycollate for theophylline, and it is this 
feature that gives it its singular advantages 
as a diuretic of choice. 


1. New and Nonofficial Remedies. J.B. 


Lippincott Co., Philadelphia, 1956, 
p. 328. 2. Osol, A., and Farrar, G.E., 
Jr.: The Dispensatory of the United 
® 


States of America. J.B. LippincottCo., - 
Philadelphia, 1956, pp. 808-809. Philadelphia 1, Pa. 
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Medihaler Medihaler 
Means self-powered, uniform, measured- Means effective medications in an inert 
- dose inhalation therapy... aerosol vehicle, in leakproof, spillproof, 
Medihaler plastic-coated bottles... 


Means true nebulization. Each measured Medihaler 

dose provides 5 to 8 times as many par- Means utmost patient convenience— 
ticles in the ideal size range as conven- medication and Adapter together in plas- 
tional nebulizers... tic case, convenient for pocket or purse... 


Medihaler Medihaler 


Means an unbreakable Oral Adapter— Means greater economy—no costly glass 
no movable parts—no glass to break— nebulizers to replace, and one inhalation 
no rubber to deteriorate... usually suffices for prompt relief. 


THE UNIQUE MEASURED-DOSE INHALATION METHOD 


phrine in emergency situations in which 


respirations have not ceased. It provides 
i // rapid relief in acute food, drug, or pollen 
reactions (including urticaria, broncho- 


For Rapid Relief of Acute or spasm, angioneurotic edema, edema of 
glottis, etc.). In most instances only one 


Continuing Bronchospasm inhalation is necessary. 


RK Medihaler-Epi kK Medihaler Oral Adapter 


Riker brand of epinephrine 0.5% solution 
in inert, nontoxic aerosol vehicle. Each Note: First pain for Medihaler 

medications should include the desired 
ejection delivers 0.125 mg. epinephrine. medication and Medihaler Oral Adapter. 


In 10 cc. vial with metered-d alve, ‘ 
pa 200 Oral Adapter made of hard plastic with 


no movable parts... fool- 


proof...unbreakable and 

. easily cared for by rapid 
RK M ed | h g le [{- Iso rinsing...entire set, in- 
cluding medication, fits 


Riker brand of isoproterenol HC1 0.25 % into neat plastic case 
solution in inert, nontoxic aerosol vehicle. small enough to be carried 
Each ejection delivers 0.06 mg. isopro- inconspicuously in pocket 
terenol. In 10 cc. vial with metered-dose or purse...the smallest 
valve, sufficient for 200 inhalations. package for nebulization 


Medihaler-Epi replaces injected epine- ever produced. 


: . using the lungs as the most direct portal of 
Wlud.. entry, faster relief than from orally adminis- 
At UGME tered drugs is assured because of proximity 


of pulmonary and coronary circulations. 


Faster-acting than nitroglycerin. Fewer side 
effects than from nitroglycerin 
new Medi haler-Nitro or amyl nitrite. 
Only one or two inhalations 


is nitrite in nebuli- necessary. One full minute 

for the emergency should elapse between inhala- 
relief poor acute anginal apron pe Each inhalation tions. In 10 cc. Medihaler bot- LOS ANGELES 
delivers precisely 0.25 mg. of octyl nitrite. By tle with metered-dose valve. . 
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in rheumatoid arthritis 


indicates that to augment the 
therapeutic advantages of the “predni-steroids”™ 
antacids should be routinely co-administered 
to minimize gastric distress 


Colder 


clinical evidence” 


ROUTINE 
CO-ADMINISTRATION 
MEANS 


(Prednisolone Buffered 


Multiple 
Compressed 
Tablets 


\ \ 


2.5 mg. or 5 meg. 


All the benefits of the 
“predni-steroids” plus 


positive antacid action to 
minimize gastric distress. 


References: 1. Boland, E. W., 
J.A.M.A. 160:613 (February 
25) 1956. 2. Margolis, H. M. 
et al., J.A.M.A. 158:454 (June 
11) 1955. 3. Bollet, A. J. et al., 
J.A.M.A. 158:459 (June 11) 
1955. 


prednisone or 
prednisolone with 
50 mg. magnesium 
trisilicate and 

300 mg. aluminum 
hydroxide gel. 


*‘CO-DELTRA’ and ‘CO-HYDELTRA' are trademarks of MERCK & Co., INC. 


“Qo 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., INC. 


PHILADELPHIA 1, PA. 
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COMMON THERAPEUTIC PROBLEM: 


BACTERIA 


SQUIBB 


Squibb Quality— 


the Priceless Ingredient 


the “see-saw” antimicrobial effect 


of broad spectrum antibiotics 


BEFORE THERAPY 


MONILIA 


Mysteclin Capsules—Con- 
taining 250 mg. Steclin 
(Squibb Tetracycline) Hydro- 
chloride and 250,000 units 
Mycostatin (Squibb Nystatin). 
Bottles of 16 and 100. 


*mystecun’®, ‘stecuin® ano ‘mycostatin’® Are TRADEMARKS 


AFTER THERAPY 


BACTERIA 


Mysteclin Half Strength Cap- 
sules — Containing 125 mg. 
Steclin (Squibb Tetracycline) 
Hydrochloride and 125,000 
units Mycostatin (Squibb Nys- 
tatin). Bottles of 16 and 100. 


MONILIA 


NEW ... Mysteclin Suspen- 
sion—Containing the equiv- 
alent of 125 mg. Steclin 
(Squibb Tetracycline) Hydro- 
chloride and 125,000 units 
Mycostatin (Squibb Nystatin) 
per 5 cc. teaspoonful. Bot- 
tles of 2 ounces. 


A NOW... balanced antimicrobial therapy 


BEFORE THERAPY AFTER THERAPY 


BACTERIA MONILIA BACTERIA MONILIA 


MYSTECLIN 


Steclin-Mycostatin (Squibb Tetracycline-Nystatin) 


the only broad spectrum antibiotic preparation with 
added protection against monilial superinfection 
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treat adrenocortical insufficiency 


without the 
difficulties 
of 
emplants 


without the 


unpleasantness 
of daily 
unjections 


SINGLE injection a month 


Percorten 


trimethylacetate 


(desoxycorticosterone trimethylacetate CiBA) 


Percorten trimethylacetate, developed after 
more than 3 years of research by CIBA, 
provides expedient, lasting hormonal support for 
the patient with adrenocortical hypofunction 

... avoiding both the uncertainty of surgical 
implantation and the vexation of daily 
injections. With once-a-month therapy, a single 
injection will produce prolonged activity 
without acute signs of overdosage.’ 


Multiple-dose Vials, 4 ml., containing 25 mg. 
Percorten trimethylacetate per ml. as an aqueous 
microcrystalline suspension for intramuscular 
use only. 


1. Frawley, T. F., and Forsham, P. H.: J. Clin. Endocrinol. 
11:772 (July) 1961. 


CIBA 


SUMMIT, N. J. 
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verage 


pa tiered 


everyday practice 


@® well suited for prolonged therapy 
@ well tolerated, nonaddictive, essentially nontoxic 


@ no blood dyscrasias, liver toxicity, Parkinson-like syndrome 
or nasal stuffiness 


@ chemically unrelated to chlorpromazine or reserpine 
@ does not produce significant depression 
@ orally effective within 30 minutes for a period of 6 hours 


: anxiety and tension states, muscle spasm. 


Miltown 


Tranquilizer with muscle-relazant action 


DISCOVERED AND INTRODUCED 
BY Wy) WALLACE LABORATORIES, New Brunswick, N.J. 


2-methyl-2-n-propyl-1 ,3-propanediol dicarbamate —U.S. Patent 2,724,720 
SUPPLIED: 400 mg. scored tablets. Usual dose: 1 or 2 tablets t.i.d. 
Literature and Samples Available on Request 


THE MILTOWN MOLECULE 


CM-3707-R2 
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¢ warning: COLD FRONTS 


brand of tetrahydrozoline hydrochloride 


for “superior” relief of nasal congestion: 


effective in minutes for hours (up to 
6 hours with a single dose) 

...does not induce rebound congestion 
... tree of sting, burn or irritation 
...completely odorless and tasteless 
...no rhinorrhea and no CNS stimulation. 
*Menger, H.C.: New York J. Med. 56:1279, 1956 


supplied: TyzINE Nasal Solution, 1-oz. dropper bottles, 0.1%. Nasal Spray, 15 cc., 
in plastic bottles, 0.1%. Pediatric Nasal Drops, 1/2-0z. bottles, 0.05%, with calibrated 


dropper for precise dosage. 


note: As with certain other widely used nasal decongestants, overdosage may cause 
drowsiness or deep sleep in infants and young children: KEEP OUT OF HANDS OF 
CHILDREN OF ALL AGES. TYZINE Nasal Spray and TyZINE Nasal Solution, 0.1%, are 
not recommended for use in children under six. When using TyZzINE Nasal Spray 


in the plastic bottle, it should be administered only in an upright position. 


PFIZER LABORATORIES Division, Chas. Pfizer & Co., Inc. Brooklyn 6, New York 
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maximum efficacy with minimum risk 


Terfonyl 


SQUIBB METH-DIA-MER SULFONAMIDES 


mg. per 100 mi. 
Vv 


BLOOD LEVELS IN MAN ON DOSAGE OF 6 GM. PER DAY 


= After Lehr, 0.,Moderd Med. 23:111 (Jan. 15) 1955. 


Terfonyl is absorbed as well as single “soluble” sul- 
fonamides, but is eliminated at a slower rate. For this 
reason, Terfonyl blood levels are much higher. 


In experimental infections (Klebsiella, Pneumococcus, 
Streptococcus), Meth-Dia-Mer sulfonamides have been 
shown to be from three to four times more effective 
on a weight basis than single “soluble” sulfonamides. 


Toxicity is minimal because normal dosage provides 
only one-third the normal amount of each sulfonamide. 
The body handles each component as though it were 
present alone, although therapeutic effects are additive. 


Terfonyl Tablets, 0.5 Gm., bottles of 100 and 1000. 
Terfonyl Suspension, 0.5 Gm. per 5 ml., pint bottles, 


0.167 Gm. each of sulfamethazine, sulfadiazine and sulfa- 
merazine per tablet or per 5 ml. teaspoonful of suspension. 


SQUIBB ‘TERFONYL’® 1S A same TRADEMARK 


Infections 
of the 
respiratory tract 
respond readily 


wTEGRITY 
earcr 
quarity / RES / 


‘Llotycin’ 


(ERYTHROMYCIN, LILLY) 


Virtuaily all acute bacterial infections 
of the throat, nose, ear, and lung yield 
quickly. Yet, because the coliform bacilli 
are highly insensitive, the bacterial balance 
of the intestine is seldom disturbed. 


‘llotycin’ kills susceptible pathogens 
of the respiratory tract. Therefore, the re- 
sponse is decisive and quick. Bacterial com- 
plications such as otitis media, chronic ton- 
sillitis, and pyelitis are less likely to occur. 


‘llotycin’ is notably safe and well tol- 
erated. Staphylococcus enteritis and avi- 
taminosis have not been encountered. 

With usual dosages, gastro-intestinal hy- 
permotility is not observed in bed patients 
and is seen in only a small percentage of 
ambulant patients. 


Available as specially coated tablets, pedi- 
atric suspensions, I.V. and I.M. ampoules. 


DH ANNIVERSARY 1876 - 1956 / LILLY AND ComPANY 
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The American Journal of Medicine 


VoL. XXI 


NOVEMBER, 1956 


No. 5 


Foreword 


REATER diagnostic acumen, extension of the 
life span and increased exposure to 
environmental carcinogens are among the im- 
portant factors to account for the rising fre- 
quency of cancer. Concomitantly, despite im- 
provements in methods of early diagnosis and 
advances in treatment by surgery and radiation, 
the problem of medical management of dis- 
seminated neoplastic disease has also grown. 
The first therapeutic regimen which had a 
significant effect on the course of a generalized 
neoplasm was androgen deprivation in prostatic 
carcinoma. This important contribution made 
by Huggins and his associates in 1940 stimulated 
clinical interest in the potentialities of hormone 
modification for the therapy of cancer which re- 
mains fresh and strong today. The symposium 
which follows presents a critical appraisal of the 
current status of Hormones and Cancer. 

This is a particularly timely subject to be con- 
sidered by physicians because of their responsi- 
bility in the purely medical treatment of patients 
with tumors which are affected by hormone 
administration, as well as in the selection and 
postoperative care of patients in whom hormone 
ablative procedures are carried out. In the 
clinical discussions, attention will be focused on 
carcinoma of the prostate and of the breast. An 
indication of the size of the problem presented 
by these two tumors is given by statistics derived 
by the Connecticut State Department of Health’ 
which show that twenty-nine new cases of pro- 
static cancer per one hundred thousand men are 
diagnosed annually and that the annual inci- 
dence for carcinoma of the breast in women 
is sixty per one hundred thousand. Twenty-one 
per cent of all patients with cancer of the prostate 
survive for five years after diagnosis; 46 per cent 
of all women with carcinoma of the breast 
survive for this period after diagnosis has been 


1 Osporn, STANLEY, H. Cancer in Connecticut 1935- 
1951. Connecticut State Department of Health, Hart- 
ford, Connecticut, 1955. 


established.” It is apparent that these diseases 
occur frequently and that their biology is such 
that clinical cure is achieved in less than one- 
half of the patients. To what extent can the 
manipulation of hormones affect the course of 
these cancers and when should what be done? 

Dr. Kirschbaum’s paper introduces the dis- 
cussion of hormones and cancer with particular 
emphasis on their importance in tumorigenesis as 
shown in laboratory animals. Attention should 
be given to the concept of tumor dependence 
and autonomy which has emerged from this 
experimental work since the success of hormone 
modification in the treatment of human cancers 
appears to rest on this issue. Dr. Kirschbaum 
brings out the interesting fact that endocrine 
ablations or the administration of sex hormones 
do not affect the natural history of spontaneous 
cancer of the breast in mice; these measures, 
however, if initiated early in the life of mice can 
prevent the development of tumors in strains 
which have a high spontaneous incidence of the 
disease. 

Dr. Hertz assesses the importance of hor- 
mone stimulation in the genesis of cancers in 
hormone-dependent organs in man and finds 
that there is little evidence to indicate that this 
is a major factor. His lucid summary of the physi- 
ologic effects of the gonadal steroids provides a 
firm foundation for recognizing the “‘side effects”’ 
of hormone therapy in patients with cancer. 
Particularly valuable is the discussion of the 
metabolic actions of the hormones since these 
are of very real importance in explaining 
therapeutic benefits which may occur even when 
there is no apparent tumor inhibition. 

The paper by Dr. Dorfman provides an essen- 
tial background for the proposed rationale of 
adrenal and pituitary ablation. The metabolism 
of the sex hormones and adrenal cortical 


Griswo Lp, M. H., Cut er, S. J. and Etsensere, H. 
Improvements in cancer survival rates. New England J. 
Med., 254: 1062, 1956. 
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steroids, the question of androgen conversion to 
estrogen, and the extent of androgen and estro- 
gen secretion by the adrenal cortex are among 
the topics discussed by Dr. Dorfman which con- 
tribute to informed understanding of hormones 
and cancer. 

The paper by Dr. ‘Taylor provides a guide to 
the pragmatic use of androgens and estrogens in 
the treatment of cancer of the breast together 
with brief mention of his experience with 
adrenalectomy and hypophysectomy. The value 
and advantages of estrogens for the postmeno- 
pausal patient have been emphasized. The 
recommendations for the sequence of hormone 
modification in the various types of clinical 
problems which are seen in cancer of the breast 
are instructive. 

Dr. Whitmore presents a comprehensive dis- 
cussion of clinical aspects of prostatic cancer with 
emphasis on diagnosis and therapy in relation- 
ship to the natural history of the tumor. The 
status of androgen deprivation therapy with 
an evaluation of the effect of this regimen on 
survival time establishes its usefulness for pallia- 
tion. The limited value of adrenalectomy and 
probably of hypophysectomy in the management 
of recurrent prostatic carcinoma emphasizes 
again the importance of tumor autonomy as the 
major cause of failure of hormone therapy in 
cancer. 

The frequency of skeletal metastases from car- 
cinomas of the prostate and breast is very high 
and the associated disturbances in mineral 
metabolism constitute one of the major com- 
plications of disseminated cancer of the breast. 
Dr. Baker presents the problem of hypercalcemia 
instructively and relates the influence of hor- 
mones to both the genesis of the metabolic dis- 
turbance and to its treatment. The discussion of 
the usefulness and limitations of urinary calcium 
excretion studies for the evaluation of thera- 
peutic measures in cancer of the breast intro- 
duces valuable words of caution for clinical 
investigators. 

Dr. Kennedy presents an appraisal of the 
contribution of castration, adrenalectomy and 
hypophysectomy in the treatment of dis- 
seminated cancer of the breast. Attention is 
drawn to the value of ovariectomy in the pre- 
menopausal patient with metastatic cancer of 
the breast and the necessity for adequate ovarian 
radiation dosage if this technic is elected for 
castration. The problems of long term main- 
tenance in the adrenalectomized patient are 


discussed and it is suggested that the analogous 
situation in the hypophysectomized individual is 
less difficult. It is emphasized that the place of 
hypophysectomy in the treatment of cancer of 
the breast is still being defined and it is not sur- 
prising, therefore, that Dr. Kennedy and Dr. 
Taylor are not in agreement on the relative 
merits of this procedure as compared to bilateral 
adrenalectomy. In any event, both point out the 
importance of tumor dependence on hormone as 
a requisite for therapeutic benefit from any of the 
extirpative procedures and from this it follows 
that such information constitutes the major 
criterion for the selection of patients for adrenal- 
ectomy or hypophysectomy. 

Drs. Luft, Olivecrona, Ikkos, Nilsson and 
Ljunggren who pioneered in the use of hypoph- 
ysectomy for the treatment of cancer of the 
breast present a conservative and critical sum- 
mary of their own experience. Histologic study of 
the sella turcica at necropsy revealed that 
pituitary removal was incomplete in a signifi- 
cant number of cases. In spite of this, objective 
regression of the tumor could occur. Whether or 
not the presence of pituitary tissue was an impor- 
tant factor in any of the therapeutic failures or in 
the duration of remissions achieved cannot be 
evaluated. The finding does emphasize, how- 
ever, that complete hypophysectomy is techni- 
cally difficult. The results in a small number of 
patients with prostatic cancer are provocative 
and even though the collected experience cited 
by Dr. Whitmore is not encouraging further 
evaluation would appear to be indicated. 

At the present time there is agitation in some 
clinics to initiate radical endocrine ablative 
procedures early in the natural history of cer- 
tain cancers of the breast because the prognosis 
is recognized to be poor. The evidence which has 
been summarized so ably in the present sympo- 
sium would not appear to support such a 
program. It is, perhaps, well to reemphasize a 
fundamental fact regarding hormones, namely, 
that these agents act primarily as quantitative 
regulators of inherent cellular functions; they do 
not produce qualitative changes in the metab- 
olism of the cell. This basic characteristic of the 
mechanism of action of hormones explains why 
the results of hormonal therapy of human can- 
cer, irrespective of initial success, ultimately 
prove to be inadequate. 

ALFRED GELLHORN, M.D. 
Presbyterian and Francis Delafield Hospitals 
New York, N. Y. 
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Symposium on Hormones and 


Cancer ‘Therapy 


Endocrine Aspects of Experimental 
Neoplasia’ 


ARTHUR KIRSCHBAUM, M.D. 


Houston, Texas 


radiations and viruses have been asso- 
ciated with the experimental induction of neo- 
plasms in animals. Although certain similarities 
in the natural history of cancers of man and ani- 
mals (for example, cancer of the breast) have 
been demonstrated, in other instances it is diff- 
cult to reconcile the experimental with the 
clinical. Studies in the biology of cancer are con- 
tributing towards the management of human 
neoplastic disease. For example, the description 
of postcastrational adenomas of the adrenal 
cortex' and their relation to the development of 
mammary cancer of mice’ probably contributed 
toward the concept of adrenalectomy as a means 
of withdrawal of hormone accelerating neo- 
plastic growth. 

Reciprocal Relation of the Pituitary Gland and Its 
Target Organs in Tumorigenesis. Alteration in the 
balanced reciprocal relation between the pitui- 
tary gland and its target tissues may lead to the 
genesis of experimental neoplasms of both the 
anterior hypophysis and the glands whose 
growth is normally accelerated by its trophic 
hormones.* An excellent illustration is the in- 
duction of tumors of both the thyroid® and 
the pituitary glands® of mice by administration 
of radioiodine. 

If only 50 microcuries are given to a rat 
and only part of the thyroid gland is destroyed, 
the remainder may become hyperstimulated to 
form adenomas. Following complete radio- 
thyroidectomy of a mouse with 300 microcuries 


if carcinogenic chemicals, ionizing 


a pituitary tumor appears after a latent period of 
several months.*:® Such tumors can be success- 
fully transplanted with resultant progressive 
growth into histocompatible, genetically related 
hosts if they have been thyroidectomized.’ In 
spite of tissue compatibility which satisfies the 
usual requirements for transplantation, the pi- 
tuitary tumors will not grow unless the recipients 
are without thyroid tissue. After several passages 
through such hosts the tumors attain the capacity 
to grow in intact mice.’ The tumor transplants 
cause the intact recipient host’s thyroid gland to 
become hyperplastic, demonstrating production 
of thyrotrophic hormone.*® 

Thus hypersecretion of the pituitary gland 
(thyroid-stimulating hormone) follows radio- 
thyroidectomy. Adenomatous transformation 
then occurs in the anterior pituitary, the stimulus 
being hypothyroidism; cells of the adenoma 
secrete thyroid-stimulating hormone. The pitui- 
tary adenomas are dependent neoplasms as 
demonstrated by their ability to grow as trans- 
plants only if the histocompatible recipient 
host has been thyroidectomized. During growth 
as a transplanted tumor autonomy is acquired 
with progressive growth now appearing upon 
transplantation into intact hosts. The develop- 
ment of pituitary adenomas, which secrete 
thyroid-stimulating hormone, can be prevented 
by the administration of thyroid hormone after 
radiothyroidectomy.® 

Is hormonal imbalance per se sufficient to in- 
duce neoplasia or are other factors required? 


* From the Department of Anatomy, Baylor University College of Medicine and the University of Texas Dental 
Branch and the Department of Biology, University of Texas M. D. Anderson Hospital and Tumor Institute, Texas 
Medical Center, Houston, Texas. Investigations of the author and his collaborators providing background for writing 
this review were supported by grants from the National Cancer Institute, Public Health Service and the American 
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When increased secretion of pituitary thyroid- 
stimulating hormone was induced by administer- 
ing thiouracil, thyroid adenomas resulted but 
pituitary tumors were rare‘ although thiouracil 
blocks the formation of the thyroid hormone 
which suppresses thyrotrophic output of the 
anterior pituitary. Pituitary tumors have resulted 
either from the administration of thiouracil'® 
or from surgical thyroidectomy‘! but radio- 
thyroidectomy is a more efficient means of 
producing pituitary tumors. Most strains of 
mice respond to tumor induction following the 
administration of radioiodine. Rats have proved 
refractory,'* indicating that all hosts do not 
respond to the same imbalance by tumor 
production. 

Hormonal imbalance plus other factors may in 

some instances be required for tumor induction. 
Gonadectomy fer se did not result in the develop- 
ment of pituitary tumors in mice of specific 
genetic constitution but such neoplasms devel- 
oped if heavy doses of x-rays to the entire body 
were superimposed on the imbalance.'* Ad- 
ministration of nitrogen mustard had a similar 
augmenting effect. 
,, That hormonal imbalance alone can induce 
neoplasia is demonstrated by other experiments. 
Ovarian tumors can be induced by transplanta- 
tion of an animal’s (rat, mouse) ovary to the 
spleen if no functional ovary exists outside of 
the portal venous bed, or if adhesions do not 
form allowing venous drainage from the spleen 
into the systemic circulation. '*~'* Since the ovar- 
ian hormone produced by the ovary transplanted 
to the spleen is inactivated in its passage through 
the liver, the host is physiologically castrate. 
Gonadotrophin output of the pituitary gland is 
increased as a result'® and hyperstimulation of 
the transplanted ovary ensues. Such hyper- 
stimulation eventuates in neoplasia. Certain of 
these ovarian tumors are initially hormone- 
dependent and can be transplanted successfully 
only into hosts in which the environment neces- 
sary for induction is duplicated. Thus trans- 
plantation may be successful only if grafts are 
made into the spleens of gonadectomized recipi- 
ents.'° On the other hand, some tumors were 
readily transplantable subcutaneously in intact 
mice. 

Ovarian tumors caused by x-radiation are 
probably actually hormone-induced.?° When 
only a single mouse ovary was radiated, the 
other remaining functional, no ovarian tumor 
appeared. If the non-radiated ovary was re- 
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moved, the radiated ovary became tumorous. 
Radiation of both ovaries resulted in bilateral 
tumor development. In the absence of appre- 
ciable estrogenic secretion following ovarian 
radiation, the pituitary becomes hyperactive 
in producing gonadotrophin,*! stimulating the 
remaining non-functional ovarian tissue to de- 
velop tumors which may now secrete sex 
steroids. 

Thus in the case of both ovarian transplants 
to the spleen and the x-radiated ovary, high 
levels of gonadotrophin may be responsible for 
tumorigenesis. It has, however, been demon- 
trated that mouse ovarian tumors may develop 
even though the blood levels of gonadotrophin 
are not elevated.”' 

The administration of estrogenic hormone 
prevented the development of ovarian tumors 
by x-rays; androgens were ineffective.*? When 
radiated ovaries were transplanted into intact as 
well as castrated male mice, ovarian tumors 
developed.”* If the target tissue had been altered 
by x-rays, normal levels of trophic hormone were 
tumor-inciting. Radiated ovaries were, however, 
no more susceptible than normal ovaries to 
tumorigenesis when the gonads were trans- 
planted into the spleen.** 

Although functional ovarian transplants in- 
hibit tumorigenesis postradiation,** this inhibit- 
ing effect wanes if grafting is postponed.*® A 
force which initially inhibits tumorigenesis loses 
this capacity, growth then being termed autono- 
mous. The more the neoplasm retains its rela- 
tion to the forces which control its initiation, the 
more dependent the tumor. For example, hor- 
monal stimulation of the breast is necessary for 
carcinogenesis; in at least certain instances 
growth as well as initiation of the neoplasm is 
dependent on hormonal factors.*° 

Although the age of the host did not influence 
ovarian tumorigenesis resulting from transplan- 
tation to the spleen,”’ older ovaries were less 
susceptible to tumor formation than ovaries 
from young mice.** The monkey liver was not 
capable of completely inactivating estrogenic 
hormone secreted by ovaries transplanted to the 
spleen”® and tumors did not develop. Mice which 
became pregnant after radiation of their ovaries 
exhibited the same degree of ovarian tumor 
formation as animals which were sterile im- 
mediately postradiation, indicating that a 
delayed effect of radiation may be potent in 
tumorigenesis. *° 

Thyroid Tumors. The 
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mouse thyroid gland coincidental with admin- 
istration of thiouracil may result in neoplasia.*"* 
After frequent transplantation of hyperplastic 
thyroid tissue, autonomy develops as indicated 
by successful transplantation into mice with 
intact thyroid glands.** The hyperplastic mouse 
thyroid may be transplanted but only into thy- 
roidectomized recipients which are genetically 
histocompatible.** Since thiouracil-induced thy- 
roid overgrowths may regress upon cessation of 
treatment with thiouracil, there is some question 
that true neoplasms are induced by administra- 
tion of this chemical. The carcinogen, acetyl- 
aminofluorene, when given together with thio- 
uracil increases the incidence of thyroid neo- 
plasia.**:*® However, the resulting neoplasms 
are dependent, growing only in hypothyroid 
hosts. 

Whether frequent transplantation is responsi- 
ble for the transformation of hyperplasia to 
neoplasia, or whether transplantation merely 
provides a longer period during which the 
transformation may occur, is a subject for 
investigation. 

That thyroid-stimulating hormone is actually 
the tumor-inciting stimulus is suggested by the 
thiouracil-feeding experiments. Further evidence 
that this is the case has been contributed by 
feeding iodine-deficient diets.**.*”7 With reduced 
production of thyroxine and consequent over- 
production of pituitary thyroid-stimulating hor- 
mone, adenomas of the thyroid gland develop. 

Thyroid neoplasms have been induced by the 
administration of radioiodine.® Radioiodine 
might create a hypothyroid state with resulting 
increased blood levels of thyroid-stimulating 
hormone inciting the residual thyroid tissue to 
neoplastic alteration. In instances in which the 
blood level might not be elevated and thyroid 
adenomas develop, normal levels of thyroid- 
stimulating hormone might be tumor-promoting 
as a result of alteration of the end organ. This 
situation would be analogous to the development 
of tumors in radiated ovaries although the blood 
level of gonadotrophin is not elevated.?!~*8 

Adrenocortical Tumors. Following gonadec- 
tomy in several species (guinea pigs, hamsters, 
mice, rats) sex steroid—secreting neoplasms of the 
adrenal cortex develop. The genesis of these 
tumors may be prevented by the administration 
of sex hormone, either androgen or estrogen, ** 
but not by cortisone.*® When rats bearing such 
tumors were hypophysectomized, secretion of 
sex hormone by the neoplasms ceased.*® Sex 


NOVEMBER, 1956 


steroid secretion was resumed when gonadotrope 
was given, whereas ACTH was ineffective in 
stimulating the production of sex hormone. 

Although in. most inbred stocks of mice only 
adenomas develop, in ce mice carcinomas are 
the end result.*‘ Approximately half the car- 
cinomas of the adrenal cortex of ce mice exhibit 
hormone dependence, growing far better in 
castrates than in intact genetically compatible 
mice. *? 

It appears that genic factors operating in the 
adrenal cortex per se are responsible for the 
neoplastic alteration. When adrenals from 
tumor-susceptible and tumor-resistant parent 
stocks of mice were grafted into gonadectomized- 
adrenalectomized F, hybrids, cortical car- 
cinomas developed in the adrenals of only the 
susceptible donor, indicating that tumor de- 
velopment is governed by the target tissue.** 

Pituitary tumors composed of basophils have 
been described in association with adrenocortical 
tumors induced by gonadectomy.**:*® Since estro- 
genic hormone may induce chromophobic 
pituitary adenomas, ** and since pituitary tumors 
have appeared in association with radiation- 
induced and gonadotrophin-induced*’ ovarian 
tumors, the possibility of induction of pituitary 
tumors by estrogenic secretion of the peripheral 
tumors (ovarian and cortical) is a likelihood.** 

When mice bearing postcastrational, estrogen- 
secreting adrenocortical adenomas were placed 
in parabiosis with immature intact females, the 
vaginal smears of the tumor-bearing females 
changed from estrus to anestrus, whereas the 
intact animals showed estrus smears resulting 
from ovarian stimulation.*® Gonadotrophin was 
apparently preferentially utilized by the ovaries 
of the intact parabiont rather than by the 
cortical tumors of the castrated partner. When 
ACTH was administered to mice with cortical 
tumors their secretion of sex steroid was not 
stimulated, thus providing further evidence that 
these neoplasms are controlled by gonado- 
trophin.®°® Glucocorticoids as well as sex steroids 
have been obtained from castration-induced 
mouse adrenocortical tumors.®! The basophilic 
adenomas of the mouse hypophysis occurring in 
conjunction with castration-induced adreno- 
cortical tumors** might be analogous to Cush- 
ing’s syndrome in man, in which pituitary 
basophilism is associated with increased secretion 
of adrenocortical glucocorticoids. 

Pituitary Tumors. An experiment of Biel- 
schowsky*’ is especially interesting in relation to 
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the development of pituitary adenomas which 
secrete hormone acting directly on the mammary 
gland. When a castrated and an intact rat were 
placed in parabiosis, ovarian tumors appeared 
in the intact animal as a result of increased 
gonadotrophic stimulation. The relatively large 
amount of estrogen secreted by the ovaries did 
not cross the parabiotic barrier but acted upon 
the anterior pituitary of the intact rat to induce 
an adenoma. The mammary glands of both 
parabionts were hyperstimulated, although the 
reproductive tract of the castrate was atrophic. 
The mammotrophic (lactogenic ?) hormone 
secreted by the pituitary tumor crossed the 
parabiotic barrier to stimulate the mammary 
glands of the castrated animal. The pituitary 
tumor was largely chromophobic but contained 
acidophils which were considered to be the 
secreting cells. Hormone stimulating the mam- 
mary gland of the mouse was also elaborated by 
pituitary tumors arising in heavily radiated 
mice. 

Furth** has described an interesting series of 
pituitary tumors induced in mice by whole body 
radiation. Neoplasms secreting ACTH, somato- 
trophic and mammotrophic hormones have 
been studied by grafting experiments. Although 
the gonads were damaged to a greater degree 
than the adrenal cortex in certain animals, 
ACTH- rather than gonadotrope-secreting tu- 
mors of the pituitary were induced. If a ‘“‘feed- 
back” mechanism is involved in the production 
of all these experimental pituitary tumors, it is 
intriguing to speculate concerning the possible 
somatic-humoral influences involved in stimu- 
lating the production of growth hormone-— 
secreting pituitary adenomas. 

Relationship of Estrogenic Hormone to Carcino- 
genesis. Estrogenic hormone has been involved 
in the genesis of a variety of experimental neo- 
plasms and it is the only one of the endocrine 
steroids to which carcinogenic activity can 
definitely be ascribed. The evidence for classify- 
ing the estrogens as carcinogens is as good as for 
carcinogenic hydrocarbons if consideration is 
restricted to experiments on mice. 

Mammary Carcinoma. This tumor occurs spon- 
taneously in females of various inbred stocks of 
mice. The administration of estrogenic hormone 
may induce the development of mammary can- 
cer in males of the inbred strains in which a 
high incidence occurs spontaneously in fe- 
males.**:*> Males of a strain in which spontaneous 
mammary carcinoma develops manifest testic- 


ular interstitial cell changes usually associated 
with the injection of estrogen.*® 

A filterable agent is involved in the spontaneous 
development of mammary cancer in inbred high 
mammary cancer strains. Foster nursing of high 
cancer offspring by low tumor mothers deprives 
the young of the tumor-promoting agent in the 
breast milk.°*’ 

Estrogenic hormone induces mammary cancer 
in mice only if the mammary tumor milk agent 
is present. Injection of estrogenic hormone into 
mice of low tumor strains does not cause the 
appearance of mammary cancer.*® If, however, 
the mammary tumor agent is supplied to certain 
low tumor strains, estrogenic hormone (either 
secreted by the ovary or injected) may then 
induce mammary tumors.*® At least three known 
factors are involved in the genesis of mammary 
cancer of inbred mice, the mammary tumor 
milk agent, a hormonal influence and a genetic 
susceptibility to the action of the first two.°® If 
mice with all of these known factors are limited 
in their intake of calories, the incidence of 
mammary cancer may be drastically reduced.*° 

It has been suggested that a major effect of 
caloric restriction is estrogen-deprivation, die- 
tary pseudohypophysectomy being a 
quence of the reduced intake of calories.®! 
Significant inhibition of mammary tumor 
formation occurs, however, with degrees of 
caloric restriction that do not seriously alter 
mating and fertility.** If strains of mice with a 
high mammary tumor incidence were fed a low 
cystine diet, the incidence of mammary can- 
cer was remarkably reduced; the administra- 
tion of diethylstilbestrol raised the incidence 
appreciably. ** 

Genetic influence is concerned with the sur- 
vival and propagation of the mammary tumor 
agent®* and probably also determines the 
intrinsic reaction of the mammary tissue to 
tumor-inciting influences. Apparently tumors 
may result from an unusual response of target 
tissue to hormonal stimuli which may be quanti- 
tatively but not qualitatively abnormal. 

Ovariectomy may depress the incidence of 
spontaneous mammary cancer of mice. Age at 
ovariectomy® and susceptibility of the adrenal 
cortex to postcastrational estrogen-secreting 
tumors? are factors which decide the effect of 
ovariectomy on the incidence of mammary 
cancer. If ovarian hormone is produced by the 
adrenal cortex subsequent to the removal of the 
gonads, ovariectomy may not remarkably re- 
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duce the incidence of mammary cancer in such 
strains of mice. In strains of mice in which 
estrogen-secreting adenomas do not develop 
postovariectomy, age of ovariectomy is signifi- 
cant. If gonadectomy is performed after the 
ovaries have functioned for several months, com- 
plete withdrawal of estrogenic hormone does 
not inhibit tumorigenesis, although the time of 
appearance of mammary cancer is delayed and 
the total incidence may be somewhat reduced. *? 

Although estrogenic hormone is apparently 
not carcinogenic for the mouse mammary gland 
in the absence of the mammary tumor agent, 
carcinogenic hydrocarbons induce mammary 
tumors in high tumor strains deprived of the 
mammary tumor milk agent by foster nurs- 
Carcinogenic hydrocarbon-—induced tu- 
mors appear only in females or in males which 
have received estrogenic hormone. Histologic 
dissimilarities which may reflect etiologic dif- 
ferences®® exist between carcinogen-induced and 
spontaneous Mammary tumors. 

In the rat, estrogenic hormone may be car- 
cinogenic for the mammary epithelium.’ Since 
a filterable agent has not been demonstrated for 
mammary tumors of this species the action of 
estrogen may here be “‘direct.”’ Although the 
term “‘estrogenic’’ has been used synonymously 
with ‘“Shormonal”’ influence, the latter term is 
considered by some to imply pituitary origin. 

Hormones have been considered to a great 
extent by the experimentalist from the stand- 
point of initiation and absolute progression of 
neoplastic growth. The influence of hormones on 
the rate of tumor growth has been neglected. 
Since hormonal therapy of human metastatic 
cancer of the breast is a recognized palliative 
procedure, some means of assessing this type of 
therapy in the mouse or in another experimental 
animal should be sought. 

Hormones apparently influence the rate of 
growth of certain mammary cancers in mice.”! 
In C57.RIII F; hybrids tumor growth may be 
relatively rapid during pregnancy with tumor 
regression occurring after parturition. This 
indication of hormonal dependence was sup- 
ported by transplantation studies.’* Estrogenic 
hormone augmented the growth of certain of 
these hormonally dependent tumors which 
grew only in histocompatible females but not 
males. 

Testicular Tumors. Interstitial cell tumors of a 
mouse testis can be induced by administration of 
estrogenic hormone.’3—’* It is suspected that the 
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pituitary is altered by treatment with estrogen, 
perhaps being stimulated to secrete either 
lutenizing hormone or interstitial cell—stimulat- 
ing hormone, which may be more directly 
tumor-provoking. Leydig cell tumors occur spon- 
taneously’® and alterations in the interstitial cells 
resembling those preliminary to tumor induction 
by estrogen have appeared in male mice in which 
mammary cancer develops.*® 

Testicular tumors of similar structure have 
been induced in the rat by the transplantation 
of fetal testis to the spleen of castrated ani- 
mals.77"7§ Although this procedure results rou- 
tinely in the development of tumors when ovaries 
are similarly transplanted, thus far transplanta- 
tion to the spleen has not proved successful for 
inducing tumors of the mouse testis, even in 
strains susceptible to the induction of interstitial 
cell tumors by exogenous estrogenic hormone.’® 

Of particular interest is the hormonal de- 
pendence of at least certain of these induced 
interstitial cell neoplasms.** When tumor trans- 
plants were made to animals of the same inbred 
strain, growth did not occur in some cases unless 
the recipient was injected with estrogenic hor- 
mone. Such dependent tumors metastasize (and 
are relatively benign), an anomalous situa- 
tion since metastasis is usually a primary indica- 
tion of autonomy. 

Genetic factors are important in determining 
the tumorigenic response of the testis to estrogen. 
The Strong A and Balb/c strains are susceptible 
to induction whereas in resistant strains only an 
occasional tumor appears following estrogen 
treatment. The histologic and cytologic changes 
preliminary to tumorigenesis occur in the resist- 
ant as well as the susceptible strains. If testis 
from the newborn is transplanted to castrated F, 
hybrids between susceptible and resistant strains, 
the transplanted testis becomes tumorous upon 
administration of estrogen only if the transplant 
is from the parent susceptible strain.*® This 
demonstrates again that the site of gene action 
determining susceptibility is in the target tissue 
itself. 

Uterine and Vaginal Tumors. Although sar- 
comas of the mouse uterus occur sporadically 
in inbred stocks, spontaneous carcinomas of the 
female reproductive tract are unusual. In one 
inbred stock, however, carcinoma of the uterus 
and vagina developed in twelve of fifty-six 
females. When this stock was crossed with 
another stock in which such neoplasms do not 
appear spontaneously, carcinoma of the cervix 
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or vagina developed in thirteen of thirty-five 
estrogen-treated females. Of eighty-two genet- 
ically similar F,; hybrid controls none had such 
lesions although five had uterine fibromas.*! In 
hybrids between two inbred strains which have 
no special sensitivity to the development of 
spontaneous malignancy of the reproductive 
tract cervical cancer developed in twenty-five 
of forty-four which were treated with high doses 
of estrogen. 

An adenocarcinoma of the uterus appeared in 
a constant estrus rat, suggesting the role of 
endogenously produced estrogen in the etiology 
of cancer of the female reproductive tract.** 
A hormonal imbalance resulting in sustained 
estrus was induced by transplanting testis from 
the newborn into intact newborn rats.** The 
gonadotrophin produced by the anterior pitui- 
tary of recipients is predominantly follicle- 
stimulating hormone and the ovaries do not 
become luteinized. It has been suggested that 
cancer of the female reproductive tract occurs 
more frequently in women with estrogen- 
secreting ovarian neoplasms. ** 

Leiomyomas of the uterus and similar extra- 
uterine smooth muscle tumors have been in- 
duced in the guinea pig by administration of 
estrogen.** Androgenic hormone and proges- 
terone inhibited such effects. In the hamster 
this inhibition was not observed when the 
hormones were given in similar proportions. 

Leukemia. Leukemia may be induced in 
specific inbred strains of mice by carcinogenic 
chemicals, ionizing radiations or estrogenic 
hormone. That the first two groups of leukemo- 
genic agents are active in this way might have 
been anticipated since mouse leukemia satisfies 
the characteristics of neoplasms and the effects of 
x-rays on the hemopoietic tissues have long 
been known. The influence of estrogens was 
unanticipated at the time of discovery and 
represented a finding incidental to investigations 
on the influence of estrogenic hormone upon the 
development of mammary and cervical tumors. *® 

Not all strains of inbred mice are susceptible 
to the leukemia-inciting action of estrogens. Thus 
genetic factors determining susceptibility within 
the species are involved. Since the synthetic as 
well as the naturally occurring estrogens are 
tumorigenic, the hormonal effect may be 
“physiologic” rather than related intimately 
to molecular configuration. 

Not only may estrogenic hormone be leukemo- 
genic but it may augment the leukemia-inciting 
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potency of x-rays.*’ Androgenic hormone may 
nullify the leukemogenic activity of estrogens*® 
and diminish the leukemogenic effects of x-rays*® 
or methylcholanthrene.**® Castration has in- 
creased susceptibility to the spontaneous dis- 
ease*® and the leukemia-promoting effects of 
methylcholanthrene.*® 

The incidence of leukemia is higher in females 
than males in genetically controlled mouse 
populations.*?:*°*! In the human population, 
however, leukemia occurs more frequently in 
males.*? Lymphocytic leukemia is the predomi- 
nant variety in the mouse; granulocytic leukemia 
is found more frequently in man than in mice. 
Upton and Furth® have found that in the case of 
radiation-induced granulocytic leukemia of 
mice, males are more susceptible than females 
whereas the converse is true for lymphocytic 
leukemia. Orchiectomy resulted in increased 
susceptibility to the induction of lymphocytic 
but not granulocytic leukemia. 

As in the case of other leukemogenic agents 
(x-rays, methylcholanthrene) the thymus may be 
the primary sensitive locus for the action of 
estrogenic hormone. 

Adrenalectomy has been reported to increase 
susceptibility to the development of both spon- 
taneous** and radiation-induced mouse leu- 
kemia.*® Large doses of cortisone at periodic 
intervals remarkably delay the development of 
spontaneous,** radiation- and methylcholan- 
threne-induced*? leukemia. 

Hypothyroidism favored the development of 
leukemia in high leukemia inbred strains of mice, 
but this was interpreted as being due to the in- 
creased weight of the hypothyroid mice and not 
to a specific effect on the susceptible tissue. ** 

The incidence of radiation-induced leukemia 
may be reduced by partially shielding hemo- 
poietic tissue during whole body radiation with 
x-rays. The administration of appropriate 
amounts of estrogenic hormone has overcome 
the protective effects of bone marrow shielding®® 
but not of thymic shielding in C57BL mice. 

The influence of steroids on mouse leukemo- 
genesis may have some significance for human 
leukemia. In both species cortical hormone may 
affect multiplication of leukemic cells'®®.!°' and 
in the mouse under certain well defined condi- 
tions both cortical and sex steroids may re- 
markably influence leukemogenesis. Androgenic 
hormone and cortisone oppose leukemogenesis 
whereas estrogen favors the induction of mouse 
leukemia. 
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Pituitary Tumors (Those Induced by Estrogen). 
As already indicated, injection of estrogenic 
hormone results in the development of chromo- 
phobic pituitary adenomas in specific strains of 
mice.*® The estrogenic secretion of ovarian‘? 
and adrenocortical tumors** might have been 
responsible for the development of pituitary 
adenomas in the rat and mouse, respectively. 

Direct Tumorigenesis. In the case of estrogenic 
hormone’? and also another steroid hormone, 
desoxycorticosterone, '°* sarcomas have appeared 
at the site of injection. Since the sesame oil used 
as a vehicle is mildly carcinogenic in mice, 
interpretation is difficult. 

Renal Tumors. Cortical tumors of the kidneys 
have occurred in male but not in female hamsters 
treated with diethylstilbestrol.!* 

Hepatic Tumors. The incidence of primary 
hepatic neoplasms is higher in males of human! 
and mouse’®* populations in which the frequency 
of occurrence is higher than usually encountered. 
The occurrence of primary hepatomas was re- 
duced by gonadectomizing male mice.'°® How- 
ever, excessive quantities of either endogenous 
or exogenous estrogen or androgen potentiated 
hepatic carcinogenesis by acetylaminofluorene. !°7 
In rats fed this carcinogen no tumors occurred in 
the organs which were hyperplastic as a result of 
the action of sex steroids, although the hyper- 
plastic but functionless thyroid of rats fed both 
acetylaminofluorene and thiouracil was respon- 
sive to tumor development. Thiouracil protected 
the liver of rats against the carcinogenic action 
of both 2-acetylaminofluorene and butter yel- 
low.*° The influence is due to either hypothyroid- 
ism or a direct action of thiouracil upon the 
mechanism of tumor development. 

With relatively high doses of 3,4-benzpyrene, 
male and female mice exhibited the same inci- 
dence of subcutaneous tumors; with minimal 
doses, however, a sex difference in susceptibility 
was noted, males showing a higher incidence 
than females. '°* The acceleration or inhibition of 
chemical carcinogenesis by sex hormones may be 
demonstrated or obscured depending on the dose 
of carcinogen, low enough in one case or too high 
in the other. 

Adrenocortical and Pituitary Growth Hormones in 
Relation to Neoplasia. The influence of the 
adrenal cortex on initiation of carcinogenesis and 
the rate of tumor growth varies with the neo- 
plasm. Glucocorticoids inhibit normal lympho- 
poiesis'®® and have a restraining influence on the 
growth of leukemic lymphocytes.'!® Adrenal- 
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ectomy favors spontaneous** and radiation- 
induced®*® leukemogenesis and cortisone inhibits 
the development of spontaneous,*® radiation-*? 
and carcinogen-induced*? leukemia. The first 
observed effect of cortisone on a neoplasm 
was the induced regression of a transplanted 
lymphosarcoma.'°° The effect of cortisone on 
certain non-lymphomatous transplanted tumors 
is similar to that observed for the lymphomas." 
On the other hand, the Walker tumor grew at a 
reduced rate in adrenalectomized rats.'!” 

Cortisone apparently accelerates methyl- 
cholanthrene-induced skin carcinogenesis'!* and 
favors the development of metastases in the case 
of certain transplanted and induced mouse 
tumors.!'*:!!® This effect of metastasis has been 
observed following stimulation of the human 
adrenal cortex with ACTH.''® The primary 
growth of a transplanted tumor has been in- 
hibited with the simultaneous induction of 
metastases.'!4:!!7 When transplanted to normal 
mice the metastases behaved as the original 
tumor. Cortisone might cause cellular emboli to 
seed and grow as metastases. 

By reducing the host immune response to 
foreign tissue, prior treatment with cortisone 
has favored growth of homologous''* and heter- 
ologous'!® grafts. Apparently natural resistance 
to grafting is more easily overcome than an 
acquired immune state.!!® 

Pituitary Growth Hormone. This hormone has 
been associated with the development of 
ovarian,'?° adrenal medullary'*! and lymph- 
oid'?? tumors of rats. The tumorigenic effect of 
injected growth hormone was reduced if the 
animals were hypophysectomized, indicating 
that the pituitary gland per se was implicated. 
The carcinogenic effects of methylcholan- 
threne!** and butter yellow!** were remarkably 
reduced by hypophysectomy. Administration 
of growth hormone to mice bearing a trans- 
plantable mammary carcinoma resulted in an 
increase in the weight of both tumor and host. !*4 
In all hypophysectomy experiments the influence 
of inanition®? must be differentiated from the 
effects of hormone withdrawal. 

The recent observations on the course of 
human mammary cancer following hypophysec- 
tomy!?® have stimulated interest in the relation- 
ship of the pituitary gland to neoplastic growth. 
If palliation by hypophysectomy is demonstrable 
in ovariectomized-adrenalectomized subjects, 
an effect can be considered primarily one of 
withdrawal of a specific pituitary factor. 
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Hormone Dependence. Autonomy of neoplasms 
implies that they are not influenced by physio- 
logic factors to the extent that progression in 
growth may be permanently interrupted. En- 
couraging is the evidence for at least partial 
dependence of some experimental neoplasms 
upon the hormones involved in their production. 
It appears that the hormonal inhibitors may also 
be factors in the continuing growth of cancers. 

Some examples of hormone dependence of 
mouse tumors are the following: Estrogen-in- 
duced testicular tumors may frequently be trans- 
plantable only into estrogen-prepared mice’® 
which are suitable for transplantation in all other 
respects (for example, genetic histocompatibil- 
ity). Prostatic tumors of the mouse induced by 
methylcholanthrene may grow better upon 
transplantation into castrated rather than 
intact males, with androgen augmenting and 
estrogen inhibiting growth.'*® Pituitary tumors 
which secrete thyroid-stimulating hormone and 
are induced by hormonal imbalance will grow 
initially only in an athyroid host.’ Certain 
castration-induced adrenocortical tumors in 
mice grow much better if transplanted into 
castrated rather than intact hosts of similar 
genetic constitution.‘ Ovarian tumors may be 
initially transplantable if grafted into the spleens 
of hosts which must be not only genetically com- 
patible but also castrated.'® 

Of special significance is the observation of 
Foulds that some transplantable and spon- 
taneous mammary carcinomas of mice are 
estrogen-dependent.’!:7?, The fact that many 
transplanted carcinomas of the mammary 
gland may grow equally well in males and fe- 
males had led to the generally accepted opinion 
that the established neoplasm is never dependent. 

Genetic Factors: Site of Gene Action. Certain in- 
bred strains of mice are susceptible and others 
resistant to the hormonal induction of specific 
tumors. Susceptibility is apparently inherited as 
a dominant factor, F; hybrids between suscepti- 
ble and resistant strains demonstrating the 
same susceptibility as the parent strain which 
responds to hormonal imbalance by tumor 
development. 

When gonadectomized-adrenalectomized F, 
hybrids between susceptible and resistant parent 
stocks received adrenal grafts from _ both, 
castration-induced cortical carcinomas devel- 
oped only in the adrenal grafts supplied by the 
susceptible donors.** Since the same trophic 
hormonal stimulus acted upon both adrenals in 
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the common host, the adrenal itself determined 
tumorigenesis. Similarly when grafts of testis 
were made into estrogen-treated F, hybrids 
between susceptible and resistant strains, tumors 
developed only in the grafts derived from the 
susceptible strain.*® This phenomenon of control 
of tumorigenesis by the target tissue applies to 
pulmonary'*’ and thymic tissue of mice'** and 
will probably be found to be true generally. 

Genetic or constitutional susceptibility to 
tumor development is thus a matter of tissue 
response of certain hosts to influences which 
may be innocuous to other individuals. On the 
other hand, certain agents (for example, 
carcinogenic hydrocarbons) appear to be uni- 
versally carcinogenic for a species such as the 
mouse or rat; however, on closer scrutiny it is 
found that there are degrees of genetically 
determined susceptibility. 

Relation of Viruses and Carcinogens to the Hormonal 
Induction of Neoplasms. Hormonal imbalance 
per se May experimentally result in the develop- 
ment of neoplasms. It has been demonstrated 
that multiple factors are intimately involved in 
tumorigenesis but that if certain ones are ex- 
tremely potent, tumors may develop in the 
absence of others which are ordinarily necessary. 
Thus the development of certain animal neo- 
plasms by hormonal factors mat be an exaggera- 
tion of one influence which in other cases may be 
contributory and not primary. 

Tumors of the thyroid gland were induced 
by administration of thiouracil but the incidence 
was greatly increased if the rats were given a 
chemical carcinogen, acetylaminofluorene, in 
addition to thiouracil.**** In C57BL mice, 
estrogenic hormone is not greatly leukemogenic 
independently but it increases the leukemo- 
genic potency of x-rays.®® Estrogenic hormone 
may, however, by itself induce leukemia under 
other genetic circumstances.*® In the rat, 
mammary cancer has appeared in estrogen- 
treated animals.’° There is no evidence that in 
this species a mammary tumor milk agent is con- 
cerned in mammary tumorigenesis and _ this 
could represent an instance of carcinogenesis 
with estrogenic hormone a “direct”? cancer- 
producing agent. 

Mammary carcinogenesis in the mouse is de- 
pendent upon estrogenic stimulation of the 
breast whether the neoplasm be incited by virus 
or carcinogen. That viruses may mediate hor- 
monal action is indicated by mammary tumori- 
genesis in mice, since estrogenic hormone is not 
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tumor-inciting in the absence of the milk agent. 
Carcinogenic hydrocarbons may, however, in- 
duce mammary tumors in mice which do not 
possess the milk agent and from those tumors the 
milk agent cannot be obtained. *? 

The involvement of a filterable agent in the 
hormonal induction of tumors of the breast 
suggests that in the case of other tumors, al- 
though hormonal imbalance per se appears to be 
tumor-inciting, an agent analogous to the mam- 
mary tumor milk agent may be a cofactor. 

In the future perhaps animal experiment and 
the clinical study of neoplasia may be more 
closely correlated than in the past. It is en- 
couraging that so many parallels exist. Progress 
might be more rapid in the hormonal control of 
certain neoplasms if suitable animal material 
were available fer study. For example, the in- 
hibiting effect of estrogenic hormone on human 
mammary cancer'**:'%° in the metastatic phase of 
its growth, the inhibition affecting both the 
primary neoplasm and metastases, has not 
been demonstrated for any animal neoplasm of 
similar tissue origin. Nor has there been a 
demonstration of the effect of androgenic hor- 
mone on the rate of growth of established mam- 
mary cancer although administration of male 
sex hormone reduced the spontaneous incidence 
in mice.'*! If effective control of the course of 
naturally occurring (spontaneous) neoplasms in 
mice can be achieved, it is likely that the princi- 
ples will be applicable to human cancer. 
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and Estrogens in Man’ 
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ANCER Of the breast, the prostate, the uterine 
C cervix and fundus are now all known to 
share in varying degrees the endocrine responses 
of normal tissues in these several sites. It is there- 
fore of immediate pertinence to this symposium 
to review our knowledge of the various local and 
systemic effects of endogenous as well as admin- 
istered gonadal steroids in man, with special 
emphasis on their role in the genesis and therapy 
of cancer. 

It is of considerable interest that medical 
experience does not include a single case of 
primary malignancy of the breast occurring in 
a prepuberal patient. Moreover, no documented 
case of malignancy in the hormonally. depend- 
ent organs has been recorded in patients with 
sexual precocity.'? This suggests that these 
organs require prolonged endocrine conditioning 
of the type derived from adult humoral relation- 
ships to become the seat of a malignancy. 

Certain clinical manifestations of carcinoma 
of the breast serve to emphasize the importance 
of these humoral factors. The incidence of can- 
cer of the breast in the male is estimated to 
constitute only about one to two per cent of the 
total occurrence of this disease.* Detailed endo- 
crinologic studies of male patients with cancer 
of the breast have revealed no distinct endo- 
crinopathic pattern.‘ But the regression of such 
tumors following orchiectomy suggests a suppor- 
tive endogenous gonadal factor presumably 
estrogenic in character.® 

Gynecomastia in men is encountered much 
more commonly than cancer, but even crude 
estimates of its relative frequency are not avail- 
able. However, in certain individuals presenting 
clinically as hypogonadal males with gyneco- 
mastia the determination of genetic sex by study 
of their chromosomal pattern has recently per- 
mitted their identification as genetic females.*’ 
Nevertheless gynecomastia is capable of develop- 
ing in previously normal adolescent or adult 


males under the influence of both endogenous 
and exogenous estrogens. There is as yet no 
documented case of cancer of the breast arising 
in a case of pre-existing gynecomastia attribut- 
able to endogenous hormonal imbalance. Con- 
trariwise, we now have repeated reports of 
carcinoma of the breast arising in men with 
prostatic cancer treated for prolonged periods 
of time with stilbestrol.§-%.1%1112 Tt is apparent 
that such a neoplastic response to exogenous 
estrogen is extremely rare in view of the large 
total number of estrogen-treated patients with 
prostatic carcinoma. This low incidence of car- 
cinoma stands in striking contrast to the much 
greater frequency of gynecomastia in this group. 
This is variously estimated as occurring in from 
20 to 40 per cent.!* However, the short life 
expectancy of patients with advanced prostatic 
malignancy may drastically limit the period of 
estrogen exposure, thus permitting only short 
term observations in most cases. On the whole, 
it appears that gynecomastia is a readily obtain- 
able response to both exogenous and endogenous 
estrogen in the male and that malignancy is also 
(rarely) seen associated with prolonged estro- 
genic stimulation. 

The breast of the human female depends upon 
endogenous gonadal factors for puberal develop- 
ment and normal cyclic functional changes. This 
is apparent from the synchronism between de- 
velopment of the breast and development of the 
tissues of the genital tract prior to onset of 
menses. In girls with puberal failure various 
patterns of development of the breast are ob- 
served, depending on the basis for the abnor- 
mality. Thus in patients with ovarian hypoplasia 
associated with an infantile genital tract, de- 
velopment of the breast may be totally lacking 
or it may approach the normal state.:1*-1* This 
wide range of variability may be rationalized 
in terms of a purely quantitative ovarian in- 
sufficiency of varying degree. It must also then 


* From the Endocrinology Branch, National Cancer Institute, National Institutes of Health, U.S. Public Health Service, 
Bethesda, Maryland. 
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be considered that in some individuals the 
threshold for development of the breast in 
response to endogenous gonadal factors is far 
below that required for growth of the uterus, 
vagina and external genitalia. This inference is 
supported by the practically invariable growth 
response of these latter tissues to additional 
hormone provided by replacement therapy. 

In cases of puberal failure due to total ab- 
sence of differentiated ovarian tissue, for exam- 
ple, ovarian agenesis, practically all patients 
show complete absence of development of the 
breast.?:+!4.!6 However, recent study of the 
chromosomal pattern of patients with this syn- 
drome indicate that about two of three have a 
male nuclear pattern and must therefore be 
regarded as cases of “gonadal dysgenesis” 
rather than simply as deficient females.'’ Still, 
the remaining third of these patients have a 
female chromosomal pattern and presumably 
represent females lacking endogenous ovarian 
hormones. Although a considerable degree of 
development of the breast is almost invariably 
induced by estrogens in these “‘ovarian agenesis” 
patients, it seldom reaches a level comparable 
to that of the normal adult even after prolonged 
and intensive therapy.*** This emphasizes the 
necessity for factors other than estrogen for full 
development of the breast in the human female. 
Moreover, no benign or malignant tumors of 
the breast have been observed in such cases even 
after as long as six years of continuous estrogen 
replacement therapy.*:!% 

Although these remarkable growth effects of 
exogenous estrogen are readily induced in the 
breast of the prepuberal female and the normal 
adult male, the effect of such hormonal adminis- 
tration on the fully developed breast of the adult 
female is much less marked. In women still in 
the menarche even large doses of estrogen given 
over prolonged periods elicit little gross evidence 
of stimulation except for increased turgidity and 
tenderness. Redness of the nipple and areolae 
may occur and, less commonly, some areolar 
pigmentation is noted. Softening of pre-existing 
nodularity of the breast tissue may also occur. 
On the whole, the effect is not striking and in 
many instances would be unnoticed in casual 
clinical or histologic observation. 

Similarly, the normal contralateral breast of 
postmenopausal patients treated continuously 
for cancer of the breast with high dosages of 
estrogen for as long as two years show little 
gross effect other than the marked areolar pig- 
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mentation which is seen in about one third of 
the cases. It is difficult to reconcile this relative 
unresponsiveness of the normal breast of the 
menstruating as well as of the postmenopausal 
woman with the accounts of exacerbation of 
cancer of the breast in younger women and the 
observed regression of cancer of the breast in 
postmenopausal women following estrogen ad- 
ministration.‘ Huseby and Thomas*’ have 
described a variable degree of epithelial pro- 
liferation irregularly observed in the normal 
breast tissue of estrogen-treated postmeno- 
pausal women. They comment that such pro- 
liferative effects may even be found immediately 
adjacent to areas of regressing carcinoma. 

The estrogen-induced areolar pigmentation 
in some instances becomes extremely marked. 
The mechanism of this effect remains an inter- 
esting challenge, particularly in view of Lerner’s 
demonstration of increased pigmentation in 
human skin under the influence of the melano- 
cyte-stimulating hormone secreted by the inter- 
mediate lobe of the pituitary.”? 

The administration of estrogen to women in 
the menarche promptly leads to unequivocal 
uterine and vaginal response. The uterus be- 
comes enlarged and hyperemic. There is a thick- 
ening of the myometrium and endometrial 
proliferation with a high mitotic index is regu- 
larly observed. The vagina shows extensive 
cornification and the vaginal pH is depressed. 
The cervix exudes an increased amount of clear. 
tenacious mucus. 

In the postmenopausal patient estrogen in- 
duces little and frequently no uterine enlarge- 
ment. The myometrial and endometrial re- 
sponses are very limited in about half the 
patients and entirely lacking in the remainder. 
This is manifested by the absence of either 
“break through” or withdrawal bleeding in 
from one-half to one-third of estrogen-treated 
postmenopausal patients.'** The vaginal mu- 
cosa, however, remains quite responsive to 
estrogen stimulation. It will show increased 
cornification and vascularity practically in all 
cases, often relieving a pre-existing atrophic 
vaginitis. 

Although the endometrial response to estrogen 
in the postmenopausal woman is limited in fre- 
quency and degree, the problem of a potential 
carcinogenic action on the endometrium arises. 
In our own experience and that of numerous 
other observers!*:?*:* endometrial carcinoma has 
not developed following extended periods of 
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intensive estrogenization in older women. Never- 
theless, the histopathologic studies of Gusberg*® 
and of Hertig and Sommers*! on the prolifera- 
tive effects of protracted estrogen therapy on 
the endometrium of younger women are quite 
suggestive of a possible cause and effect relation- 
ship. Accordingly, it becomes mandatory to rule 
out pre-existing fundal or cervical malignancy 
on clinical and cytologic grounds before initiat- 
ing estrogen therapy and to repeat these exami- 
nations at regular intervals during therapy. 

In about 30 per cent of postmenopausal 
women the supporting soft-tissue structures of 
the pelvic floor become unduly flaccid and 
relaxed during estrogen therapy.!*:* This leads 
to clinical symptoms to be discussed elsewhere 
in this symposium. This phenomenon indicates 
that estrogens have a profound softening and 
stretching effect upon connective tissue struc- 
tures of the genital tract. This is somewhat com- 
parable to the more generalized connective 
tissue effects produced by corticoids in other 
parts of the body. 

Toxic dermatitis in response to estrogens is 
rare but documented cases are at hand.!*:* This 
indicates that estrogens may function (rarely) 
as sensitizing agents but more general allergic 
phenomena are not observed. The gastrointes- 
tinal reactions to estrogens of nausea, vomiting 
and diarrhea, which in some cases are associated 
with general malaise, muscular aches and low- 
grade fever, suggest possible allergic manifesta- 
tions but the nature of these reactions requires 
further study. 

Before entering upon a combined discussion 
of the more general metabolic effects of both 
estrogen and androgen let us first consider some 
of the local and general effects of the androgens. 

Since orchiectomy leads so dramatically and 
so frequently to regression of prostatic carci- 
noma, it has been widely held that androgens 
play a dominant role in the pathogenesis of this 
disease. Nevertheless, prostatic carcinoma has 
not thus far been produced either clinically or 
experimentally by the administration of andro- 
gen. Occult prostatic carcinoma is estimated to 
occur in from 14 to 46 per cent of the older male 
population.?* Records of pharmaceutical sales 
and current clinical practices both reflect a 
widespread use of androgens in men of this age 
group. Yet, no clearly documented case of 
prostatic cancer attributable to prior androgen 
therapy has been reported. Lesser et al.?? found 
no cases of prostatic carcinoma in a group of 
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100 older men treated for prolonged periods 
with testosterone. Moreover, extended endo- 
crinologic study of patients with prostatic car- 
cinoma has yielded no specific evidence of 
altered steroid metabolism which may not also 
be seen in other debilitated patients of com- 
parable age and clinical status. It has been 
reported that the patient with prostatic car- 
cinoma metabolizes administered cortisone in 
such a distinctive way as to excrete a higher than 
normal proportion of the ingested dose as keto- 
steroid.?* These studies have not yet been con- 
firmed elsewhere and are at variance with our 
own data.‘ 

For the present, it must be considered that a 
distinctive alteration in endocrinologic function 
characteristic of the patient with prostatic 
carcinoma has yet to be demonstrated. More- 
over, not all patients with prostatic carcinoma 
are benefited by estrogens or orchiectomy. 
Furthermore, exacerbation of the disease, as 
evidenced by elevation of serum acid phospha- 
tase levels following the administration of andro- 
gen, occurs in only about half the patients so 
tested.24 Accordingly, it seems appropriate to 
consider that the remarkable therapeutic effects 
of estrogen administration and orchiectomy in 
prostatic cancer should not be characterized as 
“‘anti-androgenic”’ until these mechanisms are 
more completely understood. 

The known effects of endogenous androgen in 
relation to reproductive function in man include 
(a) the development and maintenance of func- 
tion and size of the prostate gland and seminal 
vesicles, and (b) the development and main- 
tenance of such secondary sex characters as the 
voice, the beard and male hair distribution, the 
penis, and the secretory function of certain 
apocrine glands in the axilla and groin as well 
as the sebaceous apparatus of the skin and scalp. 

The functional state of the seminal vesicles is 
reflected in the fructose content of the semen.*® 
Similarly, the acid phosphatase content of the 
prostatic exprimate reflects the activity of the 
prostate.?° It has been shown that the prostatic 
exprimate of the prepuberal male is low in acid 
phosphatase. The enzyme becomes elevated at 
puberty, remaining at a high level throughout 
the reproductive period and slowly receding to 
the prepuberal level during the later decades.*® 
It is pertinent that this latter age period is asso- 
ciated with the maximum occurrence of pros- 
tatic cancer notwithstanding this and other 
manifestations of declining androgen production. 
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The plasma level of acid phosphatase is 
known to be elevated only in patients with 
prostatic carcinoma. Fishman et al.*”’ have con- 
tributed greatly to the biochemical differentia- 
tion of “prostatic acid phosphatase’”’ from acid 
phosphatase enzymes of more general origin in 
human plasma. The level of plasma prostatic 
phosphatase is widely accepted as a quantitative 
index of the metabolic activity of prostatic car- 
cinoma in certain cases. The factors favoring 
the release of so large a molecule as this enzyme 
into the peripheral circulation are not under- 
stood. Nevertheless, clinical correlations permit 
acceptance of the acid phosphatase titer as a 
prognostic and analytic tool. In the dog viable 
ectopic prostatic grafts of which the intrinsic 
acid phosphatase content was raised to ex- 
tremely high levels by the administration of 
androgen failed to raise the plasma level of the 
enzyme.”* Thus some factor other than high 
ectopic tissue content is apparently involved in 
the production of hyperphosphatasemia. In 
addition, gross observation at necropsy clearly 
demonstrates that the level of antemortem 
hyperphosphatasemia is not correlated with the 
total bulk of carcinomatous tissue present. 
Patients with limited amounts of carcinomatous 
tissue may show enormous elevations of titer 
and others with massive osseous involvement 
may show completely normal titers. These dis- 
crepancies suggest that many factors such as 
production of enzymes, turn-over and permea- 
bility of tissue demand further study. 

Two of the most disagreeable effects of andro- 
gen therapy in women, namely acne and 
hirsutism, are seen in 30 to 50 per cent of the 
cases. The physiologic basis for these effects 
had been previously considered to be the direct 
trophic action of androgen on the sebaceous 
glands and the hair follicles.** This conclusion 
was based largely on experimental studies in 
animals.** Extension of these studies has more 
recently demonstrated that anterior pituitary 
extracts are capable of restoring the atrophic 
sebaceous apparatus of the hypophysectomized 
rat without associated effects upon the gonads, 
adrenals or thyroid.** The demonstration of the 
activity of a specific pituitary trophic factor for 
the sebaceous apparatus in man would have 
great significance for our understanding of these 
undesirable effects of androgen therapy. In this 
connection it would also be pertinent to recall 
that the mammary gland itself is a specialized 
skin appendage whose response to androgens 
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may be materially affected by the action of this 
newest of the pituitary trophic factors. Further 
elaboration of these studies will be anticipated 
with great interest. 

Both acne and hirsutism are subject to ex- 
treme individual variation in women treated 
with androgen. Although no specific data are 
at hand, one gains the impression that both of 
these reactions decline in frequency and severity 
with advancing age. Some individuals are ex- 
tremely responsive to as little as 25 mg. of 
testosterone propionate weekly; others will toler- 
ate as much as 100 mg. three times weekly for 
periods of four to six months without evidence 
of acne or hirsutism. Pre-existing hirsutism does 
not appear to affect the degree of response 
obtained in any given individual. This wide 
variability in response renders the use of induced 
hirsutism as an index of the comparative andro- 
genicity of a given steroid preparation quite 
difficult. 

The larynx may be regarded as a secondary 
sex organ in that it attains its characteristically 
larger mass in the male under the influence of 
endogenous androgen. This sex difference is also 
reflected in the disparity in the incidence of 
cancer of the larynx between the sexes, some 
series indicating a ratio of sixteen males to one 
female with this disease.*® It is not unexpected 
then that the administration of androgen will 
alter the larynx both structurally and function- 
ally in women and in hypogonadal men. The 
laryngeal cartilages become heavier and clini- 
cally the thyroid cartilage becomes 
prominent. The extrinsic muscles assume a 
greater mass, but little gross effect on the vocal 
chords is appreciated by laryngoscopic examina- 
tion. The voice becomes at first coarse and then 
harsh. These voice changes, like hirsutism, 
are subject to wide individual variation and 
these two effects are usually seen in the same 
individuals. 

The erythropoietic function is closely tied to 
basic sexual attributes. This is immediately ap- 
parent from the normally higher total erythro- 
cyte count in males than in females. This sex 
difference in red count in the birds is readily 
reversed by the administration of androgen to 
the female or estrogen to the male.*® In the 
mammal, erythropoiesis can be augmented by 
the administration of androgen but the depres- 
sant effect of estrogen is not readily demon- 
strable.*’ Clinical observation of such hormonal 
effects upon erythropoiesis is complicated by 


more 
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numerous intervening factors also affecting the 
hematologic status of the patient. These include 
(a) the arrest of hemorrhage from extensively 
ulcerating lesions which may have been the 
basis for chronic blood loss; (b) improvement in 
food intake including iron and protein; and (c) 
the clearing of secondary infections in necrotiz- 
ing lesions which begin to undergo regression. 
Hence markedly favorable but indirect hemato- 
logic effects sometimes follow either estrogen or 
androgen therapy. Clearly distinguishable from 
these indirect effects is the decisive erythrocyte- 
stimulating effect of androgen. This is usually 
associated with a ruddy coloration of the face 
and neck. In some cases this effect proceeds to 
polycythemia of major degree.** This subsides 
when androgen is discontinued. It may be con- 
sidered that this erythropoietic action of andro- 
gen is merely a part of its more general anabolic 
action but the effect is specific for only one 
element of the bone marrow, there being no 
indication of an effect on thrombocytes or white 
cells. 

The gonads exert important effects upon other 
hormone-producing organs. Both androgen and 
estrogen depress the urinary excretion and pre- 
sumably the production of pituitary gonado- 
tropin.*® If this effect is sustained there follow 
varying degrees of atrophy of the gonads. In 
the elderly male given estrogen for prostatic 
carcinoma the initial histologic picture of the 
testis will range from that of a normal, func- 
tioning adult testis to that of profound senile 
lence it becomes very difficult to 
assess the true effects of the administration of 
estrogen on the human testis.*° In younger men 
the administration of androgen clearly sup- 
presses spermatogenic function‘! but little is 
known of the effect upon endogenous hormone 
production because of the peripheral effects of 
the administered androgen on the androgen- 
sensitive tissues. Conversely, however, Maddock 
et al.‘® have demonstrated that the human testis 
will increase not only its output of androgen 
but also of estrogen under the influence of 
chorionic gonadotropin. The administration of 
androgen to young women suppresses menses 
quite effectively and this is presumed to result 
from pituitary gonadotropic inhibition, al- 
though detailed data concerning the histologic 
features of such ovarian suppression are not 
available. 

Experimental studies would lead one to 
expect that prolonged administration of estrogen 


atrophy. 
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could produce marked pituitary enlargement 
and pituitary tumors similar to those observed 
in the rat.** In our experience the pituitaries of 
male and female patients treated with stilbestrol 
for six months to two years show no gross altera- 
tions. This difference is all the more striking in 
view of the increased susceptibility of older rats 
to such estrogen-induced tumor formation.*4 

Similarly, rodents show a marked enlarge- 
ment of the adrenal glands following either 
acute or chronic administration of estrogen. 
Necropsy data in our own laboratory show that 
the adrenals of patients dying during the course 
of brief or prolonged estrogen therapy are of 
normal weight and size when not involved with 
metastatic disease. We have made similar ob- 
servations in conjunction with surgical adrenal; 
ectomy in previously estrogenized patients. 
This is of practical importance in evaluating 
proprietary claims regarding the clinical supe- 
riority of certain synthetic estrogens which are 
distinguished by their failure to cause adrenal 
enlargement in the rat. 

Engstrom et al.*® have demonstrated a rise in 
the protein-bound iodine fraction of the serum 
of both men and women given estrogens. This 
elevation is sustained during treatment and sub- 
sides when the medication is stopped. We have 
confirmed these observations and find that the 
estrogen-induced elevation in serum protein- 
bound iodine is not accompanied by clinical or 
laboratory evidence of increased thyroid func- 
tion as manifested by basal metabolic rate, 
thyroidal uptake of radioactive iodine and pulse 
rate. This effect is therefore to be regarded as 
an augmentation of the iodine-binding capacity 
of the serum, an interpretation which is com- 
patible with the studies of Dowling et al.** on 
similar effects in pregnancy. 

Along similar lines, it has been recently 
shown that both estrogens and androgens exert 
profound effects upon the nature and composi- 
tion of the plasma proteins.‘7~*° In normal 
young females the alpha-lipoprotein fraction is 
higher in proportion to the beta-lipoprotein 
fraction than in normal males. This difference 
is not present in menopausal women. Under 
special clinical circumstances these relationships 
can be clearly but not completely reversed. No 
studies of the potential relationship of these 
effects on hormone-induced regressions of cancer 
of the breast or prostate have as yet been made. 

The complex relationships of the gonadal hor- 
mones to the metabolism of calcium and of 
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other mineral substances are to be taken up in 
Dr. Baker’s contribution to this symposium and 
will not be discussed here. 

Our final consideration is concerned with the 
general effects of the androgens and estrogens 
upon the formation of protoplasm in extra- 
genital foci. Since the pioneer studies of the 
protein anabolic action of androgens in the dog 
by Kochakian*! and in man by Kenyon et al.,®?:>* 
little has been added. Space does not permit 
any exhaustive review of the abundant con- 
firmatory and qualifying studies in this field. 
Briefly summarized, the metabolic actions of 
the androgens include: (a) nitrogen retention as 
manifested by reduced urinary excretion but 
without material change in fecal nitrogen; and 
(b) retention of sodium and potassium in 
amounts exceeding those accountable for by 
the nitrogen retained, and accompanied by 
normal plasma levels and compensatory water 
retention. Effects on nitrogen and potassium are 
less readily demonstrable with estrogens than 
with androgens but sodium and water retention 
are highly reproduceable effects. Comprehen- 
sive reviews of the clinical and experimental 
work in this general field are available.**:** 

However, certain aspects are of particular 
interest to those concerned with steroid therapy 
in the patient with cancer. We must appreciate 
that whatever metabolic effects are obtained in 
an individual with progressive malignant disease 
are actually brought about against a counter- 
current, as it were, of special influences imposed 
by the demands of the tumor. These include 
not only such obvious features as hemorrhage, 
infection and necrosis but also a myriad of more 
subtle factors such as the trapping of protein, 
iron and presumably other specific nutrillites in 
the tumor. Moreover, these influences are not 
in static balance but they fluctuate widely even 
in the face of all feasible measures on the part 
of the investigator to “keep things constant.” 
This dynamic state becomes further altered as a 
given steroid begins to exert its effects on tumor 
and host, and it remains a major challenge to 
the clinician to analyze realistically what is 
happening. 

Much of what the clinician refers to as ‘‘sub- 
jective improvement” actually has little to do 
with the effects of a given medication on the 
process of the tumor. This is especially true in 
the case of the gonadal steroids which normally 
play such a major psychobiologic role. It is 
especially interesting that androgens enhance 


the sexual libido of both male and female pa- 
tients of all ages. In some female subjects this 
effect is extreme. Although it was initially 
observed that this extreme response was usually 
seen in patients with marked clitoral hyper- 
trophy, more recent experience indicates that 
these two effects need not be associated. In 
contrast, estrogens exert no apparent effect on 
the libido of older women, and in younger 
women the effect is equivocal at best. Segaloff®*® 
has appropriately emphasized the major role of 
suggestion in the psychotherapeutic results ob- 
tained even in women treated with estrogens for 
menopausal symptoms of insomnia, headache 
and irritability. However, impotence is a fre- 
quent complaint of the estrogen-treated male 
subject. 

The subjective phase of the action of the 
gonadal steroids is frequently manifested by 
increased appetite for food but craving for 
specific or bizarre foods has not been reported. 
These psychobiologic phenomena are men- 
tioned mainly to emphasize the serious limita- 
tions in our knowledge of the mechanisms in- 
volved. Recent emphasis on the role of the 
hypothalamus in mediating such responses in 
experimental animals suggests its possible role 
in the observed clinical effects. 

We have covered a wide variety of functional 
and morphologic effects of the gonadal steroids 
in man and have touched upon almost every 
phase of the body’s economy. This clearly 
reflects the far-reaching metabolic consequences 
of the highly evolved pattern whereby the 
viviparous, lactating mammalian organism re- 
produces its kind. Who can tell which of these 
intriguing phenomena may yet provide a clue 
to the basic mechanism of steroid action in the 
palliation of cancer? 
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Metabolism of Androgens, 


Estrogens and Corticoids’ 


I. DORFMAN, PH.D. 


Shreu isbury, A Lassachusetts 


HE development of efficient chromatog- 
G peer methods for the separation of steroids 
coupled with the availability of precise methods 
for the identification of minute amounts of these 
compounds, such as infrared analysis, have been 
important factors in the dramatic advances in 
our understanding of steroid metabolism. No less 
important perhaps was the application of organ 
perfusion and enzyme methods. This review will 
summarize briefly our present knowledge of 
steroid metabolism and deal with certain special 
problems of importance in cancer research and 
therapy. Detailed reviews of various aspects of 
steroid metabolism have been presented.!~® 


BIOSYNTHESIS 


Role of Acetate and Cholesterol. Steroid hor- 
mones have their origin in acetate and cho- 
lesterol. Both in vivo and in vitro technics support 
the idea that steroid hormones may be derived 
from these precursors but it is still unclear 
whether or not cholesterol is a necessary inter- 
mediate in the biosynthetic pathways. The 
biosynthetic pathway of acetate to cholesterol is 
known with reasonable certainty.’:* All the 
carbons of cholesterol may be derived from 
acetate and the most likely pathway is indicated 
by the reactions illustrated in Figures 1 and 2. 
Figure 1 details the suggested reaction sequence 
from acetate to squalene and Figure 2 indicates 
some of the possible intermediates between 
squalene and cholesterol.*~!! 

That cholesterol is a precursor of steroid hor- 
mones comes from a variety of experiments 
employing isotopes. In earlier experiments cho- 
lesterol was labeled with deuterium or isotopic 
carbon and the singly labeled steroid hormones 
or their metabolites were isolatéd. In these 
experiments there is indeed a strong likelihood 
that the transformation is truly direct but there 


always remains the possibility that the labeled 
cholesterol may be degraded to smaller units 
which in turn are converted to the hormone. This 
difficulty could be circumvented by using doubly 
labeled cholesterol and showing that the ratio of 
the two isotopes is the same in both the substrate 
(cholesterol) and the product (corticoids and 
androgens). Such experiments were reported by 
Werbin and LeRoy!*!* who isolated doubly 
labeled tetrahydrocortisone, tetrahydrocortisol 
and 17-ketosteroids (including androsterone, 
etiocholanolone and 11-ketoetiocholanolone) 
after the administration of tritium- and C1*- 
labeled cholesterol. Other experiments, highly 
suggestive of cholesterol conversion to steroid 
hormones without preliminary breakdown of the 
cholesterol, include those discussed in detail 
elsewhere. 


FORMATION OF CORTICOIDS 


Cortisol and Corticosterone. ‘The adrenocortical 
pathway of cholesterol to pregnenolone to 
progesterone to cortisol and corticosterone is well 
established by methods employing perfusion 
studies, adrenal slices and homogenates as well as 
partially purified adrenal tissue enzyme prepara- 
tions. Reference is made to the extensive reviews 
by Hechter and Pincus* and by Dorfman and 
Ungar* which document the many individual 
papers dealing with the subject. The biosynthetic 
reactions between cholesterol and acetate on the 
one hand and corticosterone and cortisol on the 
other are detailed in Figure 3. Pregnenolone, 
formed most likely from cholesterol, is oxidized 
to progesterone. Modifications of progesterone at 
carbon atoms 11, 17 and 21 are of an oxidative 
type involving molecular oxygen.! Evidence for 
the presence of all six theoretic intermediates 
between progesterone and cortisol is at hand 
either from direct isolation from adrenal tissue, 
direct formation from known adrenal steroids or 


* From the Worcester Foundation for Experimental Biology, Shrewsbury, Massachusetts. 
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indirectly from isolation as urinary metabolites 
in man. 

Aldosterone. ‘The control of the biosynthesis of 
aldosterone differs from that of cortisol and 
corticosterone in that the former compound is 
not under direct control of ACTH and that the 
synthesis of this compound appears to depend 
at least in part on the concentration of blood 
sodium and potassium. Administration of puri- 
fied preparations of ACTH do not usually cause 
changes in aldosterone output. Hypophy- 
sectomized dogs continue to secrete high levels 
of the hormone.’ Pituitary suppression in dogs 
by adequate doses of cortisol produced a marked 
decrease in cortisol and corticosterone secretion 
but did not influence the aldosterone secretion. !® 
Recent studies indicate that although aldosterone 
is independent of ACTH the secretion of this 
hormone is dependent upon a neural or neuro- 
humoral mechanism residing in the brain. This 
was demonstrated in the dog by employing a 
surgically decapitated animal the blood pressure 
of which was maintained by continuous infusion 
of norepinephrine and artificial respiration. !” 

Direct biosynthesis of aldosterone has been 
demonstrated by the direct conversion of desoxy- 
corticosterone-21-C'* to 
Indirect studies have shown that this mineralo- 
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corticoid can arise from progesterone.'* This 
study, however, is at variance with that of Kahnt 
et al.!® since desoxycorticosterone did not in- 
crease the aldosterone content of the perfusate. 
Corticosterone does not appear to be an efficient 
direct intermediate on the basis of two inde- 
pendent studies. 

On the basis of available evidence the possible 
pathways of aldosterone are represented in Fig- 
ure 4. Two unique reactions are required for the 
biosynthesis of aldosterone, the hydroxylation 
of carbon 18 and the oxidation of this group to 
the aldehyde. The hydroxylation reaction has 
been demonstrated in adrenal tissue using 
desoxycorticosterone as the substrate.*° Since 
corticosterone does not appear to be an efficient 
substrate it is quite likely that the 18-hydroxylase 
is effective only in the absence of an 11/- 
hydroxy group and that may mean that 
18-hydroxylation proceeds before 118-hydroxyl- 
ation in the biosynthesis of aldosterone. 


FORMATION OF ANDROGENS 


Adrenal Biosynthesis. ‘The formation of adrenal 
androgens may proceed by way of direct bio- 
synthetic pathways without involving C2; inter- 
mediates such as pregnenolone and progesterone 
or indirectly by means of the Cz; steroids. 
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Fic. 2. Biosynthesis of cholesterol from squalene. 
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(Fig. 5.) No definitive statement can be made in some patients with Cushing’s disease without 
as to whether or not both of these pathways are a concomitant increase in Cj, steroids, and con- 
operative. The pathway by means of C2; inter- _—_ ditions of stress in which the corticoids are dis- 
mediates has been demonstrated”! by the incuba- _tinctly elevated while the 17-ketosteroids are 
tion of progesterone-4-C!* with adrenal tissue § decreased.*® 

followed by the isolation of newly formed A*- Testicular Androgens. A pathway for the 
androstene-3,17-dione-C'*, and by the per- biosynthesis of androgens by rat and hu- 
fusion of progesterone-4-C'* through bovine man testis has been established. (Fig. 6.) 
adrenals”? and isolation of 118-hydroxy-A*- |The pathway is similar to that found in the 
androstene-3,17-dione-C"™. adrenal and consists in the formation of the 

Adrenal tissue incubated with acetate-1-C’* androgens A*-androstene-3, 17-dione and testos- 
yields labeled 17-ketosteroids.** These experi- terone by way of pregnenolone, progesterone 
ments do not exclude the possibility that 17- | and 17a-hydroxyprogesterone.*—*® 
ketosteroids may be formed indirectly from C2; 
steroids. The isolation of dehydroepiandros- 
terone-C!‘ after the incubation of acetate-1-C" 
strongly indicates that the former steroid is pro- 
duced without a C2; intermediate. Since neither 
pregnenolone nor 17-hydroxypregnenolone has 
been converted to dehydroepiandrosterone and 
since steroids possessing the A‘-3-keto grouping 
are not converted to the A5-38-hydroxy steroids 
the appearance of dehydroepiandrosterone is 
suggestive evidence for a direct adrenal pathway 
to androgens. 

Further evidence consistent with an inde- 
pendent pathway of androgen production is the 
appearance of androgens in human fetal adrenals 
before the appearance of significant amounts of 
corticoids;?4 the massive production of Cig 
steroids in patients with adrenal cancer showing 
only modest increments in C2, steroid produc- Fic. 4. Possible routes for the biosynthesis of aldosterone 
tion; the presence of massive amounts of cortisol _ from progesterone. 
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FORMATION OF ESTROGENS 


The conversion of androgens to estrogens has 
been clearly demonstrated and may well be the 
principal biosynthetic route for: estrogen produc- 
tion. This reaction was established by three 
independent studies. Incubation of human 
ovarian and stallion testicular tissue with testos- 
terone-4-C** resulted in the formation?’ of 
estradiol-178-C!*. Intravenous administration*® 
of the same labeled androgen to a pregnant mare 
resulted in the formation of estrone-C'*. In a 
third study, the direct conversion of A*-andro- 
stene-3,17-dione-C'* to estrogen was demon- 
strated in various tissues including ovary, 
placenta and the adrenal.*! 

The key to the mechanism of this conversion 
lay in Meyer’s study*! which demonstrated that 
19-hydroxy-A‘-androstene-3,17-dione (a natu- 
rally occurring steroid) was converted to estro- 


gens, and that this hydroxylated intermediate 
and A‘-androstene-3,17-dione were more effi- 
cient substrates than 19-nortestosterone and 
A!-4-androstadien-3,17-dione. It is these facts 
that prompt the possible mechanism depicted in 
Figure 7. At least one additional reaction is 
needed as a route to the production of the 
aromatic ring A and therefore of an estrogen. 
The demonstration of the presence of naturally 
occurring 2a**** and 268% derivatives of the 
steroids could supply this needed reaction, and it 
is suggested that the estrogens are formed by the 
loss of the elements of water forming a A' double 
bond plus the loss of carbon 19 by way of 
the 19-hydroxy derivative. 

Although a single mechanism for the forma- 
tion of estrogens would make for simplicity, 
present evidence could be interpreted as indicat- 
ing a second pathway. When acetate-1-C** was 
administered to a pregnant mare the estrogens 
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isolated from the urine indicated that the molar 
specific activity of estrone was almost twice that 
of equilin and equilenin isolated from the same 
urine sample.*® This difference appears to be 
highly significant and indicates that these two 
steroids are not related to estrone in a simple 
manner. When estrone-16-C!* was administered 
to a pregnant mare the isolated equilin and 
equilenin were not labeled.**® This fact indicates 
that the ring B unsaturated estrogens are not 
derived from estrone, a view previously held by 
some as a logical possibility of estrogen metabo- 
lism. On the basis of these data it is suggested 
that the ring B unsaturated steroids are derived 
from an ethyltoluene residue (probably derived 
from the diet) plus two isoprenoid units (Cio) as 
illustrated in Figure 8. This is admittedly a 
hypothesis in need of testing but does have the 
value that it immediately suggests new experi- 
ments and may explain older isolated facts. 
After condensation of the ethyltoluene unit 
with the Cyo isoprenoid residue a Cy, steroid 
would be formed. The angular methyl group at 
carbon 14 could be removed by the same reac- 
tions which remove this group from lanosterol; 
forming a Cs steroid. Hydroxylation reactions 
at carbons 3 and 17 would yield dihydro- 
equilenin which is a naturally occurring steroid. 
Incomplete hydroxylation, that is, at position 17 
only, could yield 3-desoxyequilenin which has 
also been isolated from natural sources. Reduc- 
tion of ring B in dihydroequilenin would in this 


ESTRONE 


Fic. 7. Possible routes of biosynthesis of estrogens from 
androgens. 
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Fic. 8. Possible biosynthetic pathway for the formation of 
equilenin, equilin, estrone and estradiol-178. 


system yield in turn dihydroequilin and 
estradiol-178. This therefore could be considered 
to be a possible alternative pathway for the bio- 
synthesis of estradiol-178 and estrone. 

Since has been 
isolated from urine in which equilenin is present 
in high concentrations it is likely that the two 
steroids are related and that the ring A saturated 
steroid arises from dihydroequilenin. 

The reactions depicted in Figure 8 are of in- 
terest in view of the possibility that some of the 
highly unsaturated steroids or related substances 
may play roles in the induction or maintenance 
of certain human tumors. Until recently there 
was little interest in these possible reactions 
since the ring B unsaturated compounds had 
not been found in human tissues. The presence of 
equilenin in human tissue has now been demon- 
strated by the isolation of this estrogen from 
adrenal cancer tissue. *® 


CATABOLIC REACTION 


Rather than give in detail the individual 
catabolic reactions of steroids an attempt will be 
made to reconstruct the over-all reaction from 
the available in vitro and in vivo studies, emphasis 
being directed to what happens in man. Cata- 
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bolic reactions are those which modify the struc- 
ture of the secreted hormones so that the biologic 
activity may be decreased, increased or changed 
from one class of material to another. In addi- 
tion to these reactions, which are of the oxidative 
and reductive types, sulfate and glucuronic acid 
derivatives are known to be formed but will not 
be reviewed here. These have been discussed in 
detail elsewhere. * 

Figures 9, 10, 11 summarize the steroids 
isolated from various steroid producing tissues, 
and their metabolites. The metabolites are prin- 
cipally those which occur in urine. Figure 9A 
through E, is concerned with neutral steroids 
possessing 21 carbon atoms. All these steroids 


possess a A*-3-ketone group in ring A which in 
metabolism undergoes reduction of the A*- 
double bond and the 3-ketone group. Although 
four stereoisomeric forms are possible, one 
stereoisomer is predominantly formed, the 3a, 
58 form. Examples include the reduction of 
progesterone to pregnanediol and pregnanolone, 
and 17a-hydroxyprogesterone to 17a-hydroxy- 
pregnanolone and pregnanetriol. Those C2, 
steroids which possess oxygen functions at carbon 
atoms 17 and 20, such as 17a-hydroxyproges- 
terone and cortisol, undergo reactions involving 
loss of the sidechain to form 17-ketosteroids. 
17a-Hydroxyprogesterone is converted to an- 
drosterone and etiocholanolone while cortisol is 
converted to four different 11-oxygenated 
17-ketosteroids including 118-hydroxyandros- 
terone, 11-ketoandrosterone, 116-hydroxyetio- 
cholanolone and 11-ketoetiocholanolone. 
Dehydroepiandrosterone and testosterone are 
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converted to A*-androstene-3,17-dione which in 
turn is converted to androsterone and etio- 
cholanolone in approximately a one to one pro- 
portion. The adrenal androgens, 118-hydroxy- 
A‘-androstene-3,17-dione and adrenosterone, are 
similarly reduced to the four 11-oxygenated 
17-ketosteroids, as indicated in Figure 10. 
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The estrogens, estradiol-178 and estrone, are 
interconvertible in metabolism and may give 
rise to estriol, estradiol-17a, and probably 
epiestriol. (Fig. 11.) 

Interconvertibility of Sterotds and Cancer Therapy. 
Steroid hormone therapy is known to be of value 
in cancer of the breast and prostate. Yet this 
value is limited both as to the percentage of 
patients showing objective improvement and the 
time during which the therapy is effective. In 
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the case of cancer of the breast, estrogen therapy, 
although beneficial in postmenopausal patients, 
is known to accelerate the disease in premeno- 
pausal patients. Androgens appear to be the 
hormone of choice in premenopausal patients. 
With the definitive demonstration that testos- 
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terone can be converted to estrogens, the ques- 
tion is immediately asked whether or not the 
estrogen so produced after androgen therapy 
may not in part limit the therapeutic effec- 
tiveness of the hormone in premenopausal 
patients. This means that it is necessary to find 
steroids possessing anti-cancer (breast) activity 
and which are not metabolized to estrogens. 
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It is generally agreed that removal of endo- 
genous androgens from the circulation is a 
rational treatment for prostatic cancer. To this 
end castration and castration plus adrenal- 
ectomy have been practiced. When adrenal- 
ectomy is performed cortisone or cortisol is 
employed as substitution therapy. These steroids, 
although effective life maintenance drugs, have 
the disadvantage that they are metabolized in 
part to androgens. Thus, at least part of the 
advantages of adrenalectomy may be lost by 
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substitution therapy. There is a need for 


corticoids which can maintain the adrenal- 
ectomized patient without being metabolized 


to androgens. 
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Hormonal Modification in the Treatment 
of Disseminated Cancer of the Breast” 


SAMUEL G. TAYLOR II, M.D. 


Chicago, Illinois 


ETASTATIC cancer of the breast terminates 
M in death but, even with inadequate or no 
treatment, survival may be several years. It is 
the duty of the attending physician to guide the 
course of the disease in such a way that the life of 
the patient may be as comfortable and useful as 
possible. Unfortunately many physicians feel so 
frustrated in the management of this disease 
that they practically abandon the patient, rely- 
ing entirely on narcotics for palliation although 
they may skillfully treat other diseases in which 
survival may be expected to be much shorter. 

It is established that temporary but gratifying 
palliation may be accomplished by hormone 
therapy and/or endocrine ablative procedures in 
certain patients with metastatic cancer of the 
breast but it is obvious to those working exten- 
sively in the field that there are many miscon- 
ceptions as to the type of therapy, the proper 
timing and the dose schedule. As a result, many 
patients are not obtaining the benefit possible. 
It is as deplorable for a physician to treat a 
patient with metastatic cancer of the breast with 
inadequate or poorly selected hormone therapy 
as it is for the surgeon to do incomplete surgery 
for the same disease or the radiotherapist to mis- 
use radiation therapy. 

During the last decade numerous papers have 
been written on the effect of steroid hormone 
alteration in disseminated cancer of the’breast, 
but because of the marked variability in the 
course of the disease and the lack of definitive 
criteria for evaluation of the results there have 
been great differences in the reported palliative 
effects. Many questions will remain unanswered 
until a better means of selecting patients and a 
definitive measurement of tumor regression can 
be established. We will, nevertheless, present our 
impressions as to the proper indications, order of 
therapy and benefit that one may expect, using 
as our criteria of objective tumor regression 
decrease in size of dominant malignant neo- 


plastic lesions without the simultaneous devel- 
opment of new lesions or progression of other 
established lesions. We do not consider improved 
calcium balance or the so called “‘phosphatase 
flare” as evidence of objective regression when 
not accompanied by the criteria specified. 

Indications for Steroidal Alteration in the Treatment 
of Metastatic Cancer of the Breast. All forms of 
steroidal therapy and endocrine ablative pro- 
cedures are at best of only temporary benefit 
and are of necessity always associated with mild 
or profound endocrinologic alteration. The 
course of metastatic cancer of the breast is 
extremely variable, progressing rapidly or re- 
maining static for years. It is therefore important 
that steroidal alteration be used only in the treat- 
ment of patients showing actively progressing 
disease, and be withheld from patients with 
clinically isolated metastatic lesions that may 
better be treated by other means, and withheld 
also from those in whom the disease is remaining 
static. Longer palliation may be obtained by 
withholding steroidal alterations until the disease 
becomes so disseminated that adequate control is 
impossible with standard forms of therapy. On 
the other hand, withholding steroidal therapy 
until the patient is in a hopeless state is to be con- 
demned. The timing of each step of therapy 
is of the utmost importance. It is necessary to 
appreciate the limitations of steroidal therapy as 
well as the possible palliative effects in order to 
give the patient maximal benefit. 


ESTROGEN THERAPY 


Although the use of estrogen seems irrational 
from the point of view of experimentation in 
animals and to those who hold the view that 
cancer of the breast is “‘estrogen-dependent” 
in about 50 per cent of cases, some of the most 
gratifying and prolonged regressions occur with 
this steroid. The mechanism is unknown al- 


*From the Steroid Tumor Clinic, Research and Educational Hospitals of the University of Illinois, and the 
Department of Medical Oncology, Presbyterian Hospital of Chicago, Chicago, Ill. 
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though some investigators attempt to explain it 
on the basis of anterior pituitary suppression 
rather than on the basis of direct action of 
estrogen at the cell level. 

Indications. Estrogens should selected 
whenever steroid therapy is indicated for the 
first trial of steroid therapy for disseminated 
cancer of the breast in all patients five or more 
years following the menopause, with the excep- 
tion of those patients who have previously shown 
definite evidence of tumor suppression by re- 
moval of the ovaries and those showing evidence 
of estrogen activity by clinical and laboratory 
criteria. Estrogen therapy has the advantage of 
producing less hormonal distortion to the patient 
than do any of the other endocrine procedures 
used in the treatment of cancer of the female 
breast. Estrogens are indicated also in cancer 
of the male breast irrespective of the age of the 
individual. 

Beneficial Effects Produced by Estrogens. One of 
three patients five years after the menopause 
may be expected to achieve temporary suppres- 
sion of the tumor by the use of pharmacologic 
doses of estrogen. As the interval between the 
menopause and the time of starting therapy 
becomes longer, the percentage of patients 
responding favorably increases. At least 50 per 
cent of patients seventy years or older may be 
expected to show tumor regression. Regression 
will vary from a very temporary decrease in the 
size of the tumor metastases to major regression. 
Patients responding favorably will usually show 
tumor regression lasting from six to fourteen 
months; occasionally, however, a patient will 
show tumor regression lasting for a period of 
four or five years. Soft tissue lesions seem to 
respond more favorably than do bone lesions 
although recalcification of osseous lesions occurs 
in about 25 per cent of those with skeletal 
metastases. Visceral lesions may also respond 
favorably, although extensive hepatic metastases 
seldom show beneficial response. Some long- 
standing lesions may regress while new lesions 
appear; under such circumstances, however, 
regression should not be ascribed to therapy as it 
also occurs at times in untreated patients. 

Method of Administration. ‘The most economi- 
cal and convenient method of administration of 
estrogens is the oral use of diethylstilbestrol, 
5 mg. three times a day, or ethinyl estradiol, 
1 mg. three times a day. Although premarin® 
is considerably more expensive it has the ad- 
vantage of producing less nausea than stilbestrol. 


NOVEMBER, 1956 


Estradiol dipropionate or estradiol benzoate in 
sesame oil may be substituted for oral medication 
in doses of 5 mg. twice a week should parenteral 
estrogens be indicated. The drug should be con- 
tinued at this dose level until it is definitely 
demonstrable that the tumor is progressing or 
unless untoward reactions develop. 

Complications Associated with Estrogen Therapy. 
The most serious unfavorable reaction to estro- 
gen therapy is augmentation of the tumor. As 
already mentioned, this occurs frequently in pa- 
tients before or immediately after the menopause 
and is manifest by rapid growth of lesions and 
the appearance of new lesions. This must not be 
mistaken for the temporary flare that sometimes 
occurs with estrogen therapy during the first few 
days preceding regression. In patients with 
extensive osseous lesions hypercalcemia may 
develop which, if untreated, may be rapidly 
fatal. Nausea, usually the first symptom of 
hypercalcemia, should not be confused with the 
nausea produced by the administration of 
estrogen. 

Patients of all ages with intact uteri will have 
uterine bleeding at some time during prolonged 
high dose estrogen therapy, generally on omit- 
ting one or more dose. This is at times controlled 
by temporarily doubling the dose of estrogen but 
it may be necessary to omit the drug until the 
bleeding stops. Omission of the drug is usually 
followed by a period of more profuse bleeding. 
If bleeding does not stop in five or six days, 100 
mg. of progesterone in sesame oil should be given 
intramuscularly for three days. If this does not 
control the bleeding the patient should be 
examined for other causes of uterine hemorrhage. 

The proestrogen tace® is converted in the 
gastrointestinal tract to physiologically active 
estrogen which is stored in the body fats and 
slowly excreted for many weeks. Since abrupt 
interruption of the administration of estrogen 
may be indicated, the use of this drug is not 
advised. For the same reason, long-acting estro- 
genic substances given intramuscularly should 
not be administered. 

Estrogens may reactivate cystic disease of the 
breast which may be mistaken for a cancerous 
growth. They also produce relaxation of the 
pelvic floor which frequently causes incon- 
tinence, and increase in pre-existing cystocele, 
or prolapse uteri. An unusual complication 
that has occurred twice in my experience has 
been hematometria in ‘aged ‘patients with 
stenosis of the cervical os. Nausea associated with 
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oral medication is common but frequently is 
controlled by giving the medication on a full 
stomach, temporarily reducing the dose or 
changing to another estrogen preparation. We 
have found sodium estrone in its natural form 
(premarin®) to be tolerated at times when dieth- 
ylstilbestrol is not. Nausea, common on first 
starting therapy, frequently disappears if the 
patient is encouraged to continue therapy. 
Increased pigmentation commonly seen in 
pregnancy occurs with continuous therapy; this 
is especially noted on the nipple where the pig- 
mentation may become very marked and 
crusted. If this pigmentation of the nipple does 
not occur one becomes suspicious that the pa- 
tient is not taking her full dose of estrogen. 
Uterine fibroids that have become atrophic 
after the menopause may become reactivated 
and grow to considerable size during estrogen 
therapy. 

One of the actions of estrogen is the produc- 
tion of sodium retention. This may become 
marked in the aged patient with pre-existing 
cardiac or renal disease and may necessitate 
sodium restriction in order to avoid congestive 
heart failure. 


ANDROGEN THERAPY 


Androgen therapy, despite its popularity, is 
one of the least desirable forms of therapy for 
metastatic cancer of the breast because of the 
profound endocrine alterations produced in the 
female and because it is infrequently of benefit 
in producing tumor regression. Because of its 
anabolic effect patients very frequently feel 
stronger, have improved appetite and hemo- 
grams, and gain weight. Improvement in these 
respects must not, however, be interpreted as 
evidence of tumor regression. 

The mechanism of androgen-produced regres- 
sion is not established. It may be related to the 
suppressive action of the hormone on the 
anterior pituitary gland. Its blocking action on 
the production of estrogen cannot explain its 
relatively consistent action in both pre- and 
postmenopausal groups. 

Indications. Androgen therapy should not be 
the first form of steroid alteration given to a pa- 
tient with metastatic cancer of the breast. In the 
patient who is still a menstruant, androgens are 
indicated only following relapse or failure after 
removal of ovarian function either by adequate 
ovarian radiation or surgical removal of the 
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ovaries. In the postmenopausal patient, andro- 
gens are indicated during relapse following the 
use of estrogens or if adequate therapy has failed 
to produce a favorable response. 

Beneficial Effects Produced by Androgens. 
regression occurs with adequate 
therapy in from 20 to 25 per cent of patients 
so treated both in the premenopausal and post- 
menopausal periods. Very few patients respond 
at the menopause or immediately following the 
menopause. Although recalcification of destruc- 
tive osseous lesions occurs in only about 20 per 
cent of patients so afflicted, relief of bone pains 
occurs in up to 60 per cent of patients. The bene- 
ficial effect of this relief of pain is apt to be offset 
by the occurrence of pathologic fractures 
because of lack of true healing of the bone 
associated with this relief of pain. Patients fre- 
quently show a marked increase in appetite, 
weight gain and increased strength as well as 
improved hemogram, all of which may occur 
despite no evidence of tumor regression. Initially 
there may be increased pain from osseous metas- 
tases, or dramatic relief may occur. Neither of 
these symptoms should be construed as evidence 
of augmentation or regression of the malignant 
neoplasm and judgment of the efficacy of the 
therapy must await the appearance of objective 
changes. As with estrogens, no evidence of 
tumor regression may be demonstrable for the 
first two or three months after the initiation of 
therapy. 

Method of Administration. As the tumor-sup- 
pressive action of androgens seems to depend 
upon the androgenicity of the drug,® the use of 
drugs with low androgenicity has no advantage 
over testosterone propionate. The recommended 
dose of testosterone propionate is 50 to 100 mg. 
in sesame oil given intramuscularly three times 
a week. As rapid withdrawal of therapy is indi- 
cated should unfavorable reactions occur, 
long-acting androgens are not recommended 
despite their convenience. Methyl testosterone 
may have a place in the therapy of cancer of 
the female breast but adequate data have not 
been accumulated to establish its usefulness, and 
it appears to be inferior in the treatment of 
metastases to bone. Androgen therapy should be 
continued as long as evidence of tumor suppres- 

“sion is demonstrable or as long as no evidence of 
tumor progression appears, unless its physiologic 
effects are untenable to the patient. 

Complications Associated with the Use of Androgens. 
Although the purpose of androgen therapy in 
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carcinoma of the female breast is to produce 
temporary tumor regression this goal is achieved 
in only 20 to 25 per cent of patients. Enthusiasm 
for this slight degree of therapeutic effectiveness 
is diluted by the invariable development of 
virilization. The degree of virilization produced 
depends on the individual end-organ response. 
Hirsutism, hoarseness or deepening of the voice, 
acne, sexual eroticism, baldness, amenorrhea, 
muscular hypertrophy, weight gain, rounding 
and flushing of the facies and fat deposits on the 
shoulder and back of the neck, hypertension, 
tachycardia and nervousness vary with the 
individual patient. Acne is more common in 
those patients who had the condition in puberty 
or who have a family history of acne. 

Androgens may produce profound changes in 
electrolyte metabolism. Sodium retention may 
cause congestive heart failure in a patient with 
pre-existing cardiac disease, increase in effusive 
processes and aggravation of pre-existing lym- 
phedema of the arms. Finally, and by far the 
most serious complication of androgen therapy 
because it may prove fatal, is the development of 
hypercalcemia. This occurs more commonly 
during androgen than estrogen therapy.’ Any 
one of these complications may necessarily 
require omission of the drug. 


CORTISONE, HYDROCORTISONE, PREDNISONE 
AND PREDNISOLONE 


Cortisone and hydrocortisone have been 
used in pharmacologic doses in attempts to 
produce tumor regression in cancer of the breast. 
It has been postulated that these drugs might 
produce sufficient suppression of the adrenal 
cortex to obtain the same beneficial effects as 
surgical ablation of the gland. Pearson® reports 
objective tumor regression in 50 per cent of 
patients treated with 200 mg. of cortisone a day; 
however the regression could be maintained for 
only two to three months despite continuous 
therapy. Segaloff® failed to obtain evidence of 
tumor regression with this therapy. In twenty’? 
patients maintained on a regimen of 75 mg. of 
cortisone a day we observed tumor regression in 
three but two patients showed nearly complete 
replacement of the adrenals by metastatic dis- 
ease. Recently we have followed twenty-seven 
patients maintained on 50 to 100 mg. of pred- 
nisolone and have been able to establish tumor 
regression by our criteria in only one, a patient in 
whom amenorrhea and hot flashes developed 
during therapy, suggesting the possibility that 
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the regression was due to failure of ovarian func- 
tion.'! Lemon’? feels that marked tumor suppres- 
sion may be obtained with cortisone in patients 
previously oophorectomized but we have been 
unable to reproduce these results. All are agreed 
that this form of therapy does not reproduce 
the definitive regression observed in some pa- 
tients following adrenalectomy-oophore<tomy. 

We reported several years ago suggestive 
evidence of augmented tumor spread in mam- 
mary cancer during corticotropin therapy’* and 
Luft!* has observed a similar effect of this hor- 
mone in hypophysectomized patients. 

However, despite the fact that specific 
tumor suppression may not be produced, these 
drugs are frequently of great value in control- 
ling certain complications of metastatic cancer 
of the breast as well as in producing temporary 
but gratifying palliation. It is of interest that this 
palliation may be produced in patients whose 
adrenals or pituitary have been removed as 
well as in those with thése organs intact.Further- 
more, the beneficial effects of these hormones 
frequently occur much more rapidly than could 
be expected on the basis of tumor suppression. 

How these beneficial effects are produced by 
the adrenal cortical hormones and _ their 
analogues is not well understood. One action 
undoubtedly is that of blocking the normal tissue 
reaction against the foreign invasive process, 
thereby reducing edema, swelling and inflam- 
matory cell infiltration. 

Indications for Corticoid Therapy.. Corticoid 
therapy is indicated whenever palliation is 
needed in patients of all ages and both sexes after 
it becomes obvious that specific tumor-sup- 
pressive agents are not producing adequate 
palliation. As these drugs produce many of the 
side effects of androgens, the two drugs should 
not be given together in large doses for any 
extended period. Corticoid therapy may be of 
value as the only form of treatment or in con- 
junction with other hormone therapy. 

Specific corticoid therapy is indicated for 
hypercalcemia and for control of neurologic 
symptoms of cerebral metastases as well as for 
replacement therapy in the presence of adrenal 
insufficiency due to destruction of the adrenals 
by surgical ablation or tumor replacement of the 
glands. It is also specifically indicated as a bone 
marrow stimulant in myelophthisic anemia due 
to tumor invasion, radiation or chemotherapy. 
It is frequently the only satisfactory therapy for 
radiation pneumonitis. 


Beneficial Effects of Therapy. Corticoids may 
relieve pain from osseous metastases, dyspnea 
from pulmonary metastases, discomfort from 
inflammatory reaction about the tumor site, 
anemia due to depressed bone marrow and 
pneumonitis following radiation therapy to the 
chest. Jaundice associated with hepatic metas- 
tases is at times relieved. Lymphedema of 
the arm and effusive processes are frequently 
relieved by prednisone or prednisolone whereas 
the natural hormones may worsen these condi- 
tions. One of the most interesting effects of 
corticoid therapy is the control of neurologic 
symptoms produced by cerebral metastases. 
Both motor and sensory paralysis may be 
rapidly ameliorated. Visual disturbances and 
convulsions may disappear within twenty-four 
hours after the start of intensive therapy. 
Hypercalcemia due to extensive osseous metas- 
tases is reduced in most cases with large doses of 
corticoids, usually more effectively than by the 
use of other measures such as sodium citrate or 
versene and without the possible danger of 
producing damage to the renal apparatus. 
Weight gain due to stimulation of appetite is 
common even in the presence of progression of 
the neoplastic growth. 

Method of Administration. For general pallia- 
tion 50 to 100 mg. of cortisone by the oral route 
in three or four divided doses a day is advised. 
Hydrocortisone is effective in slightly lower 
doses, and 20 to 50 mg. of prednisone or pred- 
nisolone is at least equally effective. ‘The dose of 
any one of these drugs should be kept at the 
lowest level required for maximum palliation. 
As prednisone and prednisolone cause less so- 
dium retention and potassium loss we feel they 
are preferable to the natural hormones, espe- 
cially if large doses are indicated. For the 
treatment of severe neurologic manifestations 
produced by cerebral metastases we have found 
100 to 200 mg. of prednisone or prednisolone 
over a twenty-four-hour period to be frequently 
extremely effective. Two hundred milligrams of 
hydrocortisone given by slow intravenous drip 
in 10 per cent glucose solution over a twenty- 
four-hour period is also often effective but the 
medication should be shifted to prednisone or 
prednisolone for maintenance therapy. The dose 
of prednisolone is gradually reduced to the lowest 
effective level. As the cerebral metastatic lesions 
gradually progress it may be necessary to in- 
crease the dose of these drugs to a higher level 
for adequate control of the symptoms. As it is 
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probable that most of the beneficial effect of 
these drugs is due to the decrease in edema and 
inflammatory reaction about the tumor in the 
central nervous system we feel the corticoids with 
the least sodium-retaining action are preferable. 
In the treatment of hypercalcemia we have 
found 200 mg. of hydrocortisone or 100 mg. of 
prednisolone over a twenty-four-hour period by 
slow intravenous drip, to be effective in bringing 
the serum calcium down to normal. After the 
electrolyte disturbance has been corrected the 
dose of the drug should be gradually reduced or 
stopped, depending upon the course of the 
serum calcium level. Since all these drugs 
produce adrenal cortical suppression it is 
extremely important not to stop their use 
abruptly, especially if the patient is in a 
state of stress from the disease, as such omis- 
sion of a drug may produce acute adrenal 
insufficiency. 

Complications Associated with Therapy. All the 
complications of pharmacologic doses of corti- 
coid therapy must be expected with prolonged 
administration of any of the corticoids. These 
include Cushing’s syndrome, steroid diabetes, 
muscular wasting, masking of infections, peptic 
ulceration and emotional disturbances. The 
“moon facies,” fat pads, hirsutism and 
acne are unpopular complications with the 
female. One should beware not to make the 
unfortunate patient more unhappy from the 
use of the hormone than from the symptoms of 
the malignant process. One must guard against 
hypertension, sodium retention and potassium 
deficit when using the natural hormones by 
limiting sodium intake and adding potassium to 
the diet. This is not usually a problem with the 
use of prednisone or prednisolone even with 
long-term, high-dose therapy. It is our impres- 
sion that peptic ulceration occurs more fre- 
quently with the doses of prednisolone and 
prednisone we have employed than with similar 
patients given 75 mg. of cortisone a day. This 
may be due to the fact that the dose of pred- 
nisolone and prednisone is relatively higher. 
Because of this we usually give the patient a 
modified ulcer regimen if the medication is to be 
continued over any extended period of time. A 
serious complication associated with long-term 
use of prednisolone is the development of adrenal 
insufficiency even in the presence of continued 
administration of this drug. This is usually 
precipitated by an intercurrent infection or a 
down-hill course of the malignant disease. 
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GONADECTOMY AND RADIATION OF THE 
OVARIES 


Obliteration of ovarian function has been used 
therapeutically in metastatic cancer of the breast 
since before the start of the 20th century. There 
have been waves of enthusiasm followed by peri- 
ods when this therapy was practically aban- 
doned. No accurate data on the effectiveness of 
this procedure have been obtained although sev- 
eral studies have been reported in recent years. 
As the only endocrine alteration produced by 
this procedure is the characteristic menopausal 
syndrome, and as the operation carries a rela- 
tively low morbidity, it is the least objectionable 
of all ablative procedures. It is impossible to 
compare the effectiveness of surgfcal versus 
radiation obliteration because of the marked 
variability of x-ray technics in various institu- 
tions. Surgical removal of the ovaries has the 
advantage of complete, abrupt removal of all 
ovarian estrogens whereas following radiation to 
the ovaries function may not be completely 
suppressed or complete suppression may not 
occur immediately. In metastatic cancer of the 
male breast orchiectomy in any age group is a 
valid procedure. 

Treves® has recently reported tumor regression 
in metastatic cancer of the female breast in 
over 50 per cent of premenopausal women and 
an occasional favorable response in patients after 
the menopause. In our series of fifty cases, how- 
ever, we have been able to demonstrate objec- 
tive regression in only about 20 per cent of pre- 
menopausal women. These contradictory figures 
are probably due to differences in criteria of 
regression in the two institutions rather than 
the relative activity of the ovary in patients from 
New York and Chicago. It does not seem logical 
to expect more favorable regression following 
the removal of gonadal estrogens alone than 
following removal of both gonadal and cortical 
estrogens. What percentage of women actually 
respond to this form of therapy can be deter- 
mined only after large series of oophorectomized 
patients have been accumulated. Evidences of 
tumor regression following surgical castration 
usually appear within six weeks following the 
procedure but may be manifest as early as the 
seventh postoperative day. Following x-ray 
castration the beneficial effects may not be de- 
monstrable for three or four months. In cancer 
of the male breast a beneficial response following 
orchiectomy occurs in about 60 per cent of pa- 
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tients. In either sex, removal of gonadal sex 
steroids may produce tumor regression that lasts 
anywhere from six months to two or three years 
before reactivation is demonstrable. 

As it has never been demonstrated that gona- 
dectomy ever produces permanent tumor sup- 
pression, prophylactic gonadectomy does not 
seem a rational procedure and we believe that 
gonadectomy should be reserved for the time 
when palliation is indicated. 


ADRENALECTOMY 


It is definitely established that in certain cases 
of metastatic cancer of the breast tumor regres- 
sion occurs following surgical removal of the 
adrenal glands in patients whose gonads have 
been removed or have ceased to have appreci- 
able secretory function.4*—!7 Tumor regression 
has been reported to occur in 35 to 50 per cent of 
patients who have been adrenalectomized. We 
have observed the effect of this procedure on 
sixty patients in a far-advanced state of dis- 
seminated disease. Objective regression was dem- 
onstrated in 36 per cent, but in only 26 per cent 
did we consider that adequate palliation and 
rehabilitation had been produced long enough 
to make this a useful procedure. !* It is one thing to 
point proudly to evidence of tumor regression on 
the basis of decreased urinary calcium excretion, 
‘phosphatase flare” or slight reduction in the 
size of one or two tumor sites but quite another 
to judge this regression as worthwhile to the 
subject. Because of the necessity for continuous 
experienced supervision of these patients for the 
rest of their lives, and in view of the small per- 
centage of patients actually benefited, this 
procedure should be limited to a few highly 
selected patients. The greatest real contribution 
of adrenalectomy to the problem of cancer of 
the breast has been the demonstration that 
adrenal hormones influence the growth of this 
tumor. 

Indications for Adrenalectomy. Adequate ma- 
terial has not been accumulated to establish 
definitely which patients may be expected to 
respond favorably to adrenalectomy but it 
appears that patients who have previously 
responded favorably to gonadectomy are more 
apt to have a regression following adrenalectomy. 
Jesseman has great confidence in the “estrogen 
sensitivity test’? but Baker has not found this of 
value. We ourselves have had no experience 
with this test; however, we feel that short-term 
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administration of estrogen to a patient with can- 
cer of the breast may have an entirely different 
effect from that obtained if the drug is used for a 
longer period. 

Only those patients who show actively 
progressing disease that does not respond favor- 
ably to sex steroid therapy should be selected 
for this type of management. Patients who have 
previously responded favorably to estrogens 
usually will get no benefit from adrenalectomy. 
Most patients with extensive pulmonary or 
hepatic metastases are poor candidates for 
adrenalectomy whereas patients with extensive 
osseous disease and minimal visceral disease may 
be greatly benefited. Restricting this procedure 
to patients who are in the terminal state of the 
disease is as unjustified in our opinion, as 
adrenalectomizing patients who may be expected 
to respond favorably to less radical procedures. 
Only reliable and intelligent patients should be 
selected for adrenalectomy since the manage- 
ment of “surgical Addison’s disease’ requires 
intelligence on the part of the patient as well 
as skill on the part of the attending physician. 


HYPOPHYSECTOMY 


As with adrenalectomy, the important con- 
tribution of hypophysectomy in cancer of the 
breast has been the demonstration that certain 
tumors of the breast are influenced by the pitui- 
tary gland,'**° but whether this is through the 
medium of other glands of internal secretion 
or directly through the pituitary hormones is 
not yet established. We feel strongly that this is 
an experimental procedure fraught with great 
danger and that the palliation achieved, in 
relation to other less drastic forms of treatment, 
is undetermined. We are of the opinion that for 
the present hypophysectomy should be limited 
to few institutions for investigative purposes 
alone. It should not be presented to the patient 
or relative of the patient as an established form 
of therapy. Its value compared to adrenalectomy 
is not established. 


SUGGESTED CHRONOLOGIC ORDER OF THERAPY IN 
PATIENTS WITH DISSEMINATED MAMMARY 
CANCER 


Because of the marked variability of the dis- 
ease no hard and fast rule can be laid down as to 
what particular form of therapy should be given 
at a particular time. However, I will attempt to 
outline the general plan of endocrine alteration 


that is usually of the greatest advantage in these 
patients. 

For patients premenopausal or less than five years 
postmenopausal: The first form of endocrine altera- 
tion that should be used when the disease cannot 
be adequately controlled by local radiation or 
surgery is obliteration of ovarian function, pref- 
erably by surgery, unless the only clinical 
evidence of the disease is pleural effusion, in 
which case intracavitary nitrogen mustard or 
isotopic radiation is usually preferable. Ovarian 
ablation should then be delayed until further 
evidence of dissemination appears. 

In cases in which the disease continues to 
progress after a period of two or three months 
and there is no clinical or laboratory evidence of 
estrogen attivity, estrogens may be tried. This 
should be done cautiously as danger of augment- 
ing the disease is great - this period. Should 
augmentation be demons) 1 after two or three 
weeks the drug should in: | -~iately be omitted. 
If progression of the diseas' » obvious after two or 
three months of therapy one must then choose be- 
tween producing virilism by the use of androgens 
or subject the patient to adrenalectomy with its 
objectionable features. If it is believed that the 
patient will not be made too miserable by the 
production of virilism, androgen should be tried. 
If androgen therapy proves to be of value it 
should be continued until progression of the 
disease is apparent. Omission of androgen is at 
times followed by tumor regression; it is there- 
fore wise to observe the patient for at least one 
month without therapy. Should the disease still 
progress at this time one must choose between 
adrenal ablation, with the hope of producing 
tumor regression, or non-specific palliation with 
corticoids. If visceral disease is advanced, 
adrenalectomy is contraindicated. 

If, following ovarian ablation the patient ex- 
periences gratifying results, a period of no 
therapy should follow until the disease is again 
reactivated, at which time androgen or adrenal 
ablation therapy should be chosen. It is possible 
that such a patient may have a better chance 
of obtaining regression of the tumor following 
adrenalectomy than the patient not responding 
favorably to oophorectomy. During the entire 
course of therapy it is wise not to multiply treat- 
ment upon treatment in such a way that one 
cannot judge what is or is not being accom- 
plished, since selection of the succeeding courses 
of therapy may be made more intelligently if 
one knows how the patient has responded to 
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previous treatment. One must not, however, in 
one’s enthusiasm to be “scientific”? permit a 
weight-bearing bone to fracture from lack of 
local radiation. 

In patients five or more years after the menopause: 
Estrogen therapy should be the initial form of 
hormonal alteration. The closer the patient is to 
the menopause the more closely should she be 
observed for evidence of tumor augmentation 
with estrogen therapy. On the other hand, the 
older the patient the greater the possibility for 
gratifying tumor regression. 

Should estrogen therapy be of no value after a 
trial of two to three months androgen should be 
used after a period of observation without treat- 
ment. Aside from the complaint of eroticism, 
virilization does not seem to be as objection- 
able to the older age group as the younger, 
but hypertension and sodium retention may 
be more serious. Should androgen be contra- 
indicated or should progression of the disease 
follow remission with androgen the only hope 
of further tumor control is adrenalectomy 
for those patients whose physical state is such 
that they may reasonably be expected to 
withstand the procedure. If adrenalectomy is 
deemed unwise, corticoids should be used for 
their palliative effect, not with the hope of 
actually producing tumor regression. 

In the male patient with cancer of the breast: The 
first endocrine procedure should be castration if 
the patient can accept this psychologically. 
If not, estrogen therapy should be given. 
Should neither of these procedures be of benefit 
adrenalectomy is the only other present means 
of producing tumor regression. This procedure 
can also follow relapse following remission from 
estrogen or castration. Corticoids may be used 
for palliation together with other therapy or 
alone. 

Despite some very gratifying regressions fol- 
lowing hypophysectomy this procedure is not 
recommended for reasons mentioned herein. 
When further improvement in technic has been 
developed it may surplant gonadectomy, ad- 
renaleetomy and androgen therapy. 

Metastatic Lesions Responding More Favorably 
to Procedures Other than Endocrine Alterations. 
Although metastases to weight-bearing bone 
may recalcify under endocrine therapy, re- 
calcification usually occurs more rapidly and 
with less danger of fracture if the affected bone is 
radiated. Isolated lesions of the spine, pelvis or 
femur are best treated by the use of radiation 
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alone or in conjunction with endocrine pro- 
cedures if disseminated disease is also present. 
It is wise to choose radiation or surgery when 
regional glands or local recurrence at the 
operative site alone is present unless progression 
of the disease is very rapid. Large ulcerated areas 
may respond better to combine steroidal and 
radiation therapy. Massive effusive processes 
are more quickly controlled by intracavitary 
nitrogen mustard or appropriate radioactive 
isotopes than by hormone therapy. Needless to 
say, obstructive complications cannot be ex- 
pected to respond adequately to management 
other than surgical. Only by the judicious use of 
all these palliative tools, together with the aid of 
neurosurgical procedures, analgesia and com- 
mon sense psychotherapy, can the best palliation 
be obtained. 
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New York, New York 


HE relatively common occurrence of pros- 
ipso cancer, the frequency with which it is 
inoperable, and the simplicity and success of 
palliative endocrine treatment combine to make 
the hormonal control of prostatic cancer a com- 
mon and an important therapeutic experience. 
In order to indicate the place and justify the use 
of endocrine therapy in the management of 
the patient with prostatic cancer, consideration 
must be given to other aspects of the problem. 
Accordingly, some space will be devoted to the 
pathology, clinical classification, incidence, nat- 
ural history and diagnosis of prostatic neoplasms 
before any discussion of therapy is attempted. 


PATHOLOGY 


The vast majority of prostatic cancers are 
carcinomas and most are adenocarcinomas. Al- 
though the common site of origin of prostatic 
cancers is in the peripheral portion of the gland 
(usually the lateral and posterior segments), a 
few neoplasms appear to originate within the 
adenomatous enlargements responsible for be- 
nign prostatic obstruction. These pathologic 
facts have several important clinical implications: 

1. In addition to the morphologic resem- 
blance of prostatic adenocarcinoma to the nor- 
mal glandular elements of the prostate there is a 
physiologic similarity which forms the rational 
basis of endocrine therapy. 

2. The occurrence ‘of prostatic cancer in the 
posterior peripheral portion of the gland in- 
creases the prospects of clinical detection through 
digital rectal examination. 

3. The occurrence of prostatic cancer in the 
peripheral portion of the gland indicates the 
general futility of methods of enucleation pros- 
tatectomy as a means for prophylaxis of the 
disease. (Fig. 1.) Smith and Woodruff! reported 
that 6 per cent of a series of 648 patients with 
carcinoma of the prostate had previously under- 
gone subtotal prostatectomy for what appeared 
to be benign prostatic enlargement. 


4. The long term survival of a patient in 
whom an apparently benign prostatic obstruc- 
tion is treated by enucleation prostatectomy and 
in whom pathologic examination discloses car- 
cinoma in the surgical specimen may result 
from the possibility that a small focus of pros- 
tatic cancer arising within such adenomatous 
hyperplasia is completely eliminated by the very 
procedure which led to its detection. Prostatic 
carcinoma is found in some 10 per cent of pros- 
tates enucleated for the relief of apparently 
benign obstructions.'~* Most cancers found in 
this way probably originate in peripheral por- 
tions of the prostate and merely invade the 
adenoma, but some undoubtedly originate 
within the adenoma per Se. 


CLINICAL CLASSIFICATION 


For the purposes of this discussion it is con- 
venient to divide prostatic cancers into four 
clinical stages: 

Stage I, clinically latent prostatic cancer. This 
is a stage of the disease in which neither symp- 
toms nor signs nor laboratory studies, short of 
actual pathologic examination, lead to suspicion 
of the presence of cancer but microscopic study 
of tissue from the prostate reveals the presence 
of previously unsuspected cancer. 

Stage IT, clinically manifest early prostatic 
cancer. This is a stage of the disease in which 
symptoms are absent but a suspicion of car- 
cinoma is aroused by the presence on digital 
rectal examination of a more or less circum- 
scribed area of induration apparently confined 
within the limits of the prostatic capsule and no 
evidence of metastasis can be found. 

Stage IIT, clinically manifest locally advanced 
prostatic cancer without evidence of distant 
metastases. This is a stage of the disease in which 
local symptoms from the neoplasm are present 
to a variable degree and digital rectal examina- 
tion discloses a variable degree of induration 
of the prostate, seminal vesicles and bladder 
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Fic. 1. A, diagrammatic sagittal section of pelvis to show relationships of prostate to adjacent structures. B, diagram- 
matic sagittal section of pelvis to show various surgical routes of ‘‘enucleation’”’ prostatectomy. C, diagrammatic sagit- 
tal section of pelvis to show residual prostate after an ideal enucleation prostatectomy. 


base, but evidence of metastases cannot be 
demonstrated. 

Stage IV, clinically manifest advanced pros- 
tatic cancer with evidence of distant metastases. 
This is a stage of the disease in which the mani- 
festations of the cancer in the prostatic area 
vary in respect to symptoms and digital rectal 
findings, but conclusive evidence of metastases 
is demonstrated. 

With regard to this method of classification 
into stages it is important at the outset to point 
out the following facts: (1) The classification is 
arbitrary since the cancer process is a dynamic 
one whereas the stages, as defined, are static. 
(2) The classification is clinical rather than 
pathologic. The significance of this limitation 
is due to the fact that the pathologic stage of the 
disease may be very different from the clinical 
stage. Stage 1 cancers are not always small.‘ 
Stage 11 cancers are not always pathologically 
confined within the prostatic capsule. This is 
abundantly clear from the therapeutic failures 
following attempts at cure of stage m lesions 
with total excision by means of radical pros- 
tatectomy.® Experience with radical cystectomy 
and pelvic exenteration in an attempt at total 
excision of stage m1 lesions has indicated that 
metastases are almost invariably found at the 
time of laparotomy although they were not 
preoperatively demonstrable. Stage tv lesions 
are not always locally advanced. Patients with 
“occult” prostatic cancers present with evidence 


of distant metastases at a time when the prostatic 
primary tumor is not clinically manifest. 

Despite the obvious limitations of this arbi- 
trary clinical classification, it is on the basis of 
available clinical information that therapeutic 
plans for the patient ordinarily are proposed; 
therefore use of this method of classification into 
stages can be defended, if not endorsed. 


INCIDENCE 


In considering the incidence of prostatic can- 
cer it is necessary to distinguish between clini- 
cally manifest (stages mn, m1 and rv) and clinically 
latent (stage 1) neoplasms. 

Clinically Manifest Prostatic Cancer (Stages II, 
III and IV). Prostatic cancer caused 13,218 
deaths in the United States in 1954’ and is the 
cause of death in about 5 per cent of men over 
fifty years of age.* In the interval 1947 to 1951, 
in Connecticut, the age-adjusted incidence rate 
of prostatic cancer ranged between 27.8 and 
31.5 per 100,000 men.°® Although the rising total 
of deaths from prostatic cancer reported each 
year is in part ascribable to an aging population, 
age-adjusted incidence rates suggest that there 
may be an increase in incidence as well.® The 
striking increase in incidence rates occurring 
with age is indicated in Table 1. 

Although an exact formulation of the relative 
incidence of stage 11, m1 and 1v neoplasms among 
patients with clinically manifest cancers is not 
possible from available data, a reasonable ap- 
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proximation is that 5 to 10 per cent are stage 1 
lesions, 15 to 30 per cent are stage 11 lesions 
and 60 to 80 per cent are stage rv lesions. 
Clinically Latent Prostatic Cancer (Stage I). Im- 
pressive as is the incidence of clinically manifest 


TABLE I 
INCIDENCE OF CLINICALLY MANIFEST PROSTATIC CANCER 
(STAGES I, UI, Iv) 
Per 100,000 Males by Age* 


Age Group 
(yr.) Incidence 


40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 539. 
85 and over 732 


*'Taken from data compiled in ‘‘Cancer in Con- 


necticut, 1935 to 1951.’ 


prostatic cancer, the incidence of latent prostatic 
cancer is even more striking. This is evident from 
three types of pathologic observations: 

1. Pathologic study of prostatic tissue enu- 
cleated during operations for the relief of benign 
prostatic obstruction reveals a 10 per cent in- 
cidence of clinically latent cancer.'~* Since such 
enucleated prostatic specimens do not contain 
the most common sites of origin of prostatic 
cancer, for example, the peripheral portions of 
the gland, it is evident that 10 per cent is a 
conservative estimate for the incidence of pros- 
tatic cancer in individuals with apparently 
benign prostatic obstructions. 

2. Efforts have been made to detect more 
clinically latent prostatic cancers by deliberate 
open biopsy of the posterior surface of the pros- 
tate. Hudson and coworkers,‘ dealing with a 
group of patients who had no or minimal urinary 
symptoms and variable degrees of abnormality 
of the prostate on digital rectal examination, 
found thirty-nine prostatic cancers in three 
hundred patients, an incidence of 13 per cent. 

3. Pathologic study by step-section technic 
of the whole prostate in men of different age 
groups dying of causes other than prostatic 
cancer has revealed an amazingly high incidence 
of clinically latent prostatic cancer.!°-'* The 
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incidence increases with age. (Table un.) In 
spite of the statistical limitations of such data 
it seems safe to say that the incidence of clinically 
latent prostatic cancer far exceeds that of clini- 
cally manifest cancer in all age groups studied. 


TABLE 
INCIDENCE RANGES* OF CLINICALLY LATENT 
PROSTATIC CANCER (STAGE 1) 
Per 100 Males by Age 


Age Group 


(yr.) | Incidence Range 


30-39 4 

40-49 4.9-8.7-8.7-17 
50-59 5.3—9.7-10.4-14 
60-69 17.8—17.9-18.5—23 
70-79 
80-89 17.6-29-38.7—48.5 
90-99 80 


* The incidence ranges were calculated from the data 
of the following authors: Andrews;'* Edwards et al.;}2 
Gaynor;'° Hirst and Bergman;"! Moore.'* Since the num- 
ber of patients studied were relatively small, some of the 
incidence values are not statistically significant. 


NATURAL HISTORY 


For present purposes the natural history of 
prostatic cancer may be defined as the clinical 
and pathologic manifestations of the untreated 
disease projected upon a time scale. No natural 
history of cancer in human beings has been 
satisfactorily documented and cancer of the 
prostate is no exception. However, the limited 
information available is essential to an under- 
standing of current philosophies of treatment 
and will be separately defined, but only in its 
temporal aspects, for each of the four clinical 
stages. 

Stage I. Even granting the assumption that 
the clinically latent prostatic cancer will, in 
time, invariably become a clinically manifest 
lesion, how much time is required and what 
other factors are involved? Although it is a 
reasonable guess that endocrine factors are 
somehow concerned, there is no convincing 
evidence that such is the case and, interestingly 
enough, there is no evidence that administration 
of testosterone has “‘activated” any latent pros- 
tatic cancers.'® With regard to the time between 
the onset of a latent prostatic cancer and the 
appearance of a clinically manifest lesion, infor- 
mation is scanty and of debatable significance. 
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Fic. 2. Diagrammatic representation of natural history of patients with “‘untreated”’ pros- 
tatic cancer. Duration is indicated on the abscissa and extent of the disease on the ordinate. 
The shaded area is indicative of the potential for variation in natural history. No literal 


interpretation is permissible. 


Hirst and Bergman!! have presented data sug- 
gesting that the period of latency is about 
twenty years. 

Stage II. No data have been published re- 
garding the duration of life in patients with 
untreated stage 11 prostatic cancers, nor is there 
information regarding the time involved in the 
development of a stage m1 from a stage u lesion. 

Stage III. The duration of survival from 
diagnosis to death in patients with untreated 
stage m1 lesions probably averages between two 
and three years. The reported three- and five- 
year survival rates in such patients are 22 per 
cent and 10 per cent, respectively.'® 

Stage IV. The duration of survival from 
diagnosis to death in patients with untreated 
stage Iv lesions probably averages between one 
and two years, and the reported three- and 
five-year survival rates in such patients are 11 
per cent and 6 per cent, respectively.'*!’ The 
interval between the development of a stage Iv 
from a stage 11 lesion is probably about one year. 

It is clearly apparent that information on the 
temporal aspects of the natural history of pros- 
tatic cancer is very limited and even this limited 
information can be justifiably criticized. Grant- 
ing the probability that the approximations from 
present data are in considerable error, they 
provide a tentative basis and the only available 


basis for an assessment of the natural history of 
the disease. Figure 2 is an attempt to present this 
tentative estimate of the natural history of pros- 
tatic cancer in more assimilable form. The 
pathologic extent of the disease is represented 
on the ordinate and time on the abscissa. No 
literal interpretation of this figure is permissible! 


DIAGNOSIS 


The diagnosis of prostatic cancer is dependent 
upon pathologic examination of prostatic tissue. 
However, in clinical experience the following 
symptomatic and physical manifestations, lab- 
oratory technics and pathologic studies may be 
helpful in detection of such neoplasms. 

1. Symptomatology. (a) Symptoms due to 
the primary effect of the local growth. These 
include frequency and nocturia, diminution in 
the caliber of the urinary stream, dysuria and 
hematuria. (b) Symptoms due to the secondary 
effects of the local growth. These include mani- 
festations of upper urinary tract obstruction 
and/or infection, manifestations of rectal ob- 
struction and/or irritation, and manifestations 
of invasion of the urethral sphincter and/or 
corpora of the penis. (c) Symptoms due to 
metastases to lymph nodes, bone, liver and/or 
lung. (d) Symptoms due to prostatic fibrinolysin 
in the circulation. 
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2. Physical manifestations. (a) Digital rectal 
examination of the prostate is or should be a 
universally applied detection procedure. Jewett”® 
found that a palpable nodule of induration con- 
fined to the prostate was cancer in about 50 per 
cent of men over forty years of age in whom 
there was no rdbentgenographic evidence of cal- 
culus. Localized prostatic indurations may result 
from calculus, tuberculosis, areas of non-specific 
inflammation, fibrosis or small capsular ade- 
nomas but one or more of these causes of indura- 
tion may coexist with cancer. Not all prostatic 
nodules are cancer, nor do all prostatic cancers 
present as nodules! Hudson et al.‘ found that 
only 23 per cent of patients proved by open 
perineal biopsy to have prostatic cancer had 
findings suggestive of carcinoma at the time of 
preoperative digital rectal palpation of the 
prostate. (b) Other physical manifestations. 
Locally advanced and/or metastatic prostatic 
carcinoma may give rise to a wide range of 
physical signs which need not be detailed here. 
The primary tumor may be readily recognized 
when the local findings in the prostate are 
“typical,” but when the primary tumor is 
“occult”? diagnosis may be difficult unless the 
possibility of prostatic cancer is deliberately 
explored. Because of the simplicity, relative 
safety and usually salutary effect of endocrine 
therapy in the patient with advanced prostatic 
cancer, a special effort should always be made to 
eliminate or establish this diagnostic possibility 
in any elderly male patient with a disseminated 
cancer. If such effort proves inconclusive, there 
is rarely much risk in a therapeutic trial on 
estrogen. 

3. Application of the Papanicolaou technic 
to the examination of smears of prostatic fluid 
obtained by massage has considerable potential 
in theory but has in actual practice proved 
disappointing.*!~?* Possible reasons for the fail- 
ure of the method include: (a) the cancer cell 
may be present but unrecognized in the prostatic 
fluid; cytologic differences between the normal 
prostatic epithelial cell and the cancer cell may 
be small or ordinarily recognizable differences 
may be obliterated during preparation of the 
material; and (b) the cancer cell may not get 
into the prostatic fluid. The difficulties in ob- 
taining a fully representative sample of prostatic 
fluid from a compound racemose gland, espe- 
cially when the most dexterous massage cannot 
reach the anterior portion of the prostate, are 
obvious. Poor sampling seems to be the most 
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important factor since the frequency of positive 
smears increases progressively from the stage 1 
through the stage rv lesions.?! 

4. Serum acid phosphatase determinations. 
Woodard** found elevations in serum acid 
glycerophosphatase in 78 per cent of patients 
with prostatic cancer metastatic to soft parts 
but not involving bone (stage 1v), 74 per cent of 
patients with prostatic cancer metastatic to bone 
(stage 1v), 31 per cent of patients with locally 
extensive prostatic cancer without evidence of 
metastases (stage m1), and 5 per cent of patients 
with cancers confined to the gland (stage m1). 
Many urologists believe that an elevated serum 
acid phosphatase is, per se, evidence of local 
inoperability and/or of metastases, and would 
classify patients with such elevations in stage II 
or Iv in spite of the absence of other evidences of 
locally extensive or metastatic disease. That this 
attitude has some basis in fact is indicated by 
the observations of Ganem*> demonstrating that, 
among patients with clinically advanced pros- 
tatic cancer without demonstrable metastases 
to bones or lymph nodes, the prospect for 
five-year survival is less if the serum acid phos- 
phatase is elevated than if it is normal. It is im- 
portant to remember that transient elevations 
in serum acid phosphatase may result from pros- 
tatic massage and prostatic trauma.”**8 

Abdul-Fadl and King?® first pointed out the 
inhibitory effect of L-tartrate on acid phospha- 
tase of prostatic origin. Fishman et al.*° applied 
this observation clinically in the differentiation 
between serum acid phosphatases of prostatic 
and non-prostatic origins and proposed that the 
L-tartrate-inhibited (or prostatic) fraction of the 
serum acid phosphatase might be increased in 
carcinoma of the prostate, either localized or 
metastatic, when the total serum acid phos- 
phatase was normal. Cline and coworkers,** 
using a somewhat different technic of assay, 
reached similar conclusions. There is no doubt 
that serum prostatic acid phosphatase values 
may be elevated in certain prostatic cancers 
when the total serum acid phosphatase values 
are still within the normal range, but the occur- 
rence of falsely positive values and falsely nega- 
tive values limits the practical value of the 
technic as a detection procedure.*!—** 

5. Needle aspiration biopsy of the prostate 
performed through the perineum or rectum is a 
simple procedure. Its chief application is in the 
pathologic confirmation of clinically obvious 
stage 11 and rv cancers. Since a large sampling 
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error obviously exists with this procedure, it is 
apparent that detection of all but the largest of 
clinically latent cancers (stage 1) by this technic 
is a matter of pure chance. The incidence of 
positive aspirations increases with the stage of 
the cancer.*! Aspiration biopsy of a suspicious 


TABLE II 
DETECTION OF CARCINOMA OF THE PROSTATE 


Percentage Accuracy 
in Detection 


Detection Technic | 

Stage | Stage | Stage | 


| 
Digital rectal examina- | 
tion of prostate | 100% 
Papanicolaou smear of 
prostatic fluid 17-25%| 42%)| 90% 
Serum acid phospha- | | 
| 0-5% | 31% |74-78% 


| 
72% 


100% | 95+% 


| 90% 

Incidental prostatic 
surgery 

Open perineal biopsy. .| 75% | 100% 


| 


| 
16*% | 100% | <100% 
100% | <100% 


nodule confirms the suspicion of cancer if a 
positive aspiration is obtained but does not 
eliminate the possibility of cancer if the aspira- 
tion is negative. 

6. Incidental prostatic surgery, usually per- 
formed for the relief of benign prostatic obstruc- 
tion, undoubtedly leads to the detection of more 
clinically latent prostatic cancers than any other 
commonly employed procedure. Reference has 
already been made to the fact that clinically 
unsuspected cancer is detected in about 10 per 
cent of surgical specimens removed by enuclea- 
tion prostatectomy. This can be considered to be 
approximately 50 per cent of the clinically 
latent cancers otherwise anticipated in this age 
group. On this basis, incidental prostatic surgery 
can be assigned an accuracy of 50 per cent as a 
method for detection of clinically latent cancer. 

7. Open perineal biopsy of the prostate, as 
proposed by Hudson and coworkers,‘ has 
already been discussed. It comes closer to 
revealing clinically the established incidence of 
latent prostatic cancer demonstrated by autopsy 
studies than does any other detection procedure 
and has an accuracy in this regard of approxi- 
mately 75 per cent. 


Table m indicates the frequency with which 
the various methods discussed in the preceding 
paragraphs are helpful in the detection of the 
four clinical stages of prostatic cancer. Elabora- 
tion on some of the facets of detection for each of 
the stages follows. 

Stage I: By definition, the clinically latent 
prostatic cancer presents no symptoms or signs 
attributable to its presence. Benign prostatic 
enlargement and/or benign prostatic indura- 
tions may be present also and may of course 
produce symptoms and/or signs. Latent pros- 
tatic cancers produce no consistent, detectable 
alteration in serum acid phosphatase. As already 
indicated, attempts to detect latent cancers by 
application of the Papanicolaou technic to the 
study of specimens of prostatic fluid have been 
disappointing, and aspiration biopsy involves 
such a large sampling error that only occasional 
successes from its use can be anticipated. ** 

For latent prostatic cancer, the practical 
alternatives are either to accept the disease as a 
clinically non-detectable condition to be ac- 
corded attention only when and if it is found 
incidentally by the pathologist during examina- 
tion of prostatic tissue removed for reasons other 
than prostatic cancer, or to make a deliberate ef- 
fort to detect the disease by open perineal biopsy 
in a defined segment of the male population.‘ 

Stage II: By definition, clinically manifest 
early prostatic cancer presents no symptoms 
directly attributable to its presence, but other 
prostatic disease may of course coexist. Digital 
rectal examination, by definition, reveals a 
varying degree of nodularity and induration in 
100 per cent of the cases. ‘The Papanicolaou stain 
was positive in 17 to 25 per cent and an aspira- 
tion biopsy specimen was positive in 50 to 71 per 
cent of the stage m cases studied by Kaufman 
et al.?! Serum acid phosphatase values have been 
found elevated in 5 per cent of patients whose 
lesions otherwise qualify as stage 1 growths.‘ 
Whether such elevations should or should not 
disqualify a tumor for classification as a stage 1 
growth is debatable. 

Incidental prostatic surgery does not reveal 
pathologic evidence of all stage lesions. ‘This is 
a reflection of the fact that stage u lesions may 
be confined to the peripheral portion of the 
gland. Kaufman et al.?! obtained positive 
biopsy specimens by transurethral prostatic 
resection in only one of sixteen stage 1 lesions 
confirmed by open perineal biopsy. The differ- 
ence apparent in Table m concerning the fre- 
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quency with which stage 1 and stage 1 lesions 
are revealed by incidental prostatic surgery is 
not as paradoxical as it seems. One must bear 
in mind that the method of classification into 
stages is clinical and not pathologic, and that 
some of the stage 1 cancers are actually larger in 
size than some of the stage m lesions. Open 
perineal biopsy, of course, establishes the diag- 
nosis in 100 per cent of the stage 1 lesions. 

Stage III: Clinically manifest advanced pros- 
tatic cancer without evidence of metastasis 
usually presents with local manifestations of the 
disease. Urinary symptoms commonly pre- 
dominate but other evidences of advanced local 
disease may also be present. Rectal digital 
examination discloses the diagnosis, often sup- 
ported by the results of the Papanicolaou smear, 
sometimes suggested by an elevated serum acid 
phosphatase, usually confirmed by aspiration 
biopsy and always established by incidental 
prostatic surgery or open perineal biopsy. 

Stage IV: Clinically manifest advanced pros- 
tatic cancer with evidence of metastasis usually 
results from the progression of a stage m1 lesion 
but occasionally exhibits evidence of distant 
metastases when the primary lesion is not evi- 
dent on rectal digital examination (“‘occult”’ 
prostatic cancer). Although symptoms are al- 
ways present in stage 1v lesions the manifesta- 
tions often result more from the metastases than 
from the primary lesion. In stage 1v growths the 
diagnosis is usually confirmed by the serum acid 
phosphatase level and by the Papanicolaou 
smear, and pathologic confirmation can almost 
invariably be obtained by aspiration biopsy, 
incidental prostatic surgery or open perineal 
biopsy, the exceptions being provided by the 
“occult” cancers alluded to previously. 


TREATMENT 


The general aim of treatment is to prolong life 
with comfort when possible, and at the least, to 
provide comfort if life cannot be prolonged. 
Since all forms of therapy carry some risk to 
life, to comfort, or commonly to both, the risk 
of the therapy proposed in any particular situa- 
tion should be less than the risk of the cancer in 
that particular situation. The clinical judgment 
involved in making a therapeutic decision 
obviously demands consideration not only of the 
natural history of the tumor but also the “‘natu- 
ral history”’ of the host. That the natural history 
of prostatic cancer is poorly defined has already 
been demonstrated; that the natural history of 
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the host is difficult to define is evident from 
everyday clinical experience. Doing what one 
believes to be right provides the moral justifica- 
tion for therapeutic excursions into the valley 
between these two mountains of ignorance, and 
what one believes right may, depending upon 
the circumstances, vary from virtual thera- 
peutic nihilism at one extreme to the most 
radical therapeutic efforts at the other. 

The major therapeutic choices in the patient 
with a prostatic cancer are three: (1) no treat- 
ment, (2) surgical excision, and (3) endocrine 
therapy. Of these major therapeutic alternatives 
only surgical excision is potentially curative, 
the programs of non-treatment and of endocrine 
therapy being palliative only. Accordingly, 
the initial decision must generally determine 
whether therapy is to be aimed at cure or at 
palliation. Methods of therapy for prostatic 
cancer other than the three major alternatives 
mentioned will be considered in discussing the 
specific therapy of each of the four clinical stages 
of the disease. 

No Treatment. The rationale of non-treat- 
ment is based on either or both of two considera- 
tions: (a) Host-tumor relationships such that 
the tumor fer se is not believed to offer significant 
threat to the life and/or comfort of the host. 
Such a therapeutic approach is justified when 
the natural history of the particular tumor is 
thought to be relatively longer than the natural 
history of the particular host. (b) The tumor, for 
one reason or another, is not to be treated by 
surgical excision. In such circumstances pallia- 
tive endocrine therapy may be justifiably post- 
poned until symptoms warrant treatment. 

The major advantage of a policy of non-treat- 
ment is that the patient escapes the incon- 
veniences and risks of therapy. The major dis- 
advantage is that the neoplasm may not behave 
as anticipated and that a lesion originally oper- 
able may be made inoperable by the delay 
incident to non-treatment. 

Surgical Excision. The rationale of surgical 
excision is based on the belief that the only 
prospect of complete and permanent eradica- 
tion of a prostatic cancer rests with complete 
surgical removal. The advantage of surgical 
excision resides in the possibility of ““cure”’ which 
it offers. The disadvantages of surgical excision 
are the risks and inconveniences resulting from 
the surgery and the possibility that cure will not 
be attained. 

Surgical excision of prostatic cancer has been 
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Fic. 3. Diagram illustrating established and/or conceivable endocrine influences of the 
pituitary gland, adrenals and testes upon the prostate. 


attempted with the following variety of proce- 
dures: (a) Radical prostatectomy, removing 
the entire prostate and seminal vesicles with 
their fascial coverings and the neck of the 
bladder. This may be accomplished through 
either a perineal*® or a retropubic approach.*® 
(b) Radical prostatectomy plus dissection of 
pelvic lymph nodes. (c) Radical cystectomy,® 
removing bladder, prostate and seminal vesicles 
with adjacent fat, fascia, peritoneum and pelvic 
lymph nodes. (d) Pelvic exenteration® involving 
radical cystectomy plus excision of the rectum. 

The risk and inconvenience increase as the 
operative procedure becomes more extensive. 
For radical prostatectomy the operative mortal- 
ity is less than 5 per cent, but impotence is 
invariable and 10 per cent of the patients are 
more,.or less incontinent of urine. For radical 
cystectomy and pelvic exenteration the opera- 
tive mortality ranges from 13 per cent to 21 per 
cent;*’ the patients will, of course, be impotent, 
and all suffer the hazards and inconveniences of 
urinary and sometimes fecal diversion. 

Endocrine Therapy. ‘The applications of endo- 
crine therapy in prostatic cancer are logically 
dependent first, upon knowledge of the endo- 
crine factors concerned in normal prostatic 
growth and/or function, and second, upon 
evidence that prostatic cancer retains a de- 
pendence upon the same endocrine factors as 
does the normal prostate. Concerning both of 
these aspects information is fragmentary. The 


pituitary-adrenal-gonadal relationships which 
are of proved or possible importance in prostatic 
growth and/or function are diagrammed in 
Figure 3 and it will be convenient to refer to this 
diagram in discussing the rationale of the various 
endocrine measures employed in the therapy of 
prostatic cancer. These endocrine measures in- 
clude: castration, estrogen therapy, combined 
castration and estrogen therapy, adrenalectomy, 
adrenal corticoid therapy, and hypophysectomy. 

In evaluating the therapeutic response to 
endocrine therapy the following criteria may be 
employed: 


1. Symptomatic criteria 
(a) Changes in bone pain 
(b) Changes in urinary symptoms 
. Objective criteria: 
(a) General 
(1) Weight gain 
(2) Improved hemogram 
(3) Improved survival time 
(b) Specific 
(1) Change in prostatic lesion 
(2) Change in soft part metastases 
(3) Change in metastases to bones 
(4) Change in serum acid phosphatase 
(5) Change in serum alkaline phos- 
phatase 


Castration: White** in 1893 demonstrated 
atrophy of the muscular and glandular elements 
of the prostate in dogs following castration and 
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subsequently*® reported favorable results in a 
group of patients castrated because of prostatic 
enlargement. It remained, however, for Hug- 
gins and his associates*’-** to demonstrate 
clearly in dogs the physiologic dependence of the 
prostate on androgen and to apply this knowl- 
edge to the therapy of prostatic neoplasms in 
human beings. 

The favorable action of orchiectomy may be 
attributed to the direct removal of the body’s 
chief source of androgen. The advantages of 
orchiectomy rest with its prompt therapeutic 
effectiveness, its simplicity and the avoidance of 
side effects produced by estrogen therapy. 
Although every man rightly objects to the 
removal of his testes, a brief explanation will 
usually suffice to convince the most tenacious 
individual of the necessity for the sacrifice. 
Among the inconveniences of the therapy are the 
loss of libido, occasional complaints of loss of 
general physical vigor and occasional instances 
of annoying hot flushes. The latter usually disap- 
pear spontaneously within a few months. 

Estrogen therapy: The beneficial effects of 
estrogen therapy“ in the patient with prostatic 
cancer may be ascribed to a pharmacologic 
castration resulting from inhibition of pituitary 
gonadotrophins (FSH = follicle stimulating hor- 
mone, ICSH = interstitial cell stimulating hor- 
mone). The possibility of a supplemental favor- 
able effect of estrogen through one or more of 
the following mechanisms has not been excluded, 
but, if present, they seem to be of secondary 
importance: (1) competitive inhibition of re- 
sidual testicular androgen and/or of androgen 
of adrenal origin; (2) direct action of estrogen 
on the prostatic cancer cell; (3) inhibition of 
production or action of pituitary growth hor- 
mone; and (4) inhibition of production or 
action of pituitary prolactin. 

The advantage of estrogen therapy rests with 
the fact that the testes can be left in situ and no 
operation is required. On the other hand, the 
therapeutic response to estrogen is somewhat 
slower than that to castration and the side effects 
of estrogen are not always inconsequential. Loss of 
libido and loss of physical vigor occur with estro- 
gen as with castration but hot flushes are absent. 
Gastrointestinal intolerance, consisting of nau- 
sea, occasionally-with vomiting, occurs in some 
patients receiving estrogen therapy but can 
usually be readily controlled by reducing dos- 
age, shifting to a different estrogenic substance 
or prescribing the medication at night before 
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retiring. In most patients gynecomastia will 
develop within a month of the onset of estrogen 
therapy but in a few patients no definite changes 
of the breast occur. Sometimes changes in the 
breast are sufficiently marked to become a 
source of considerable mental and physical 
annoyance to the patient—a fact which cannot 
be disregarded in one’s therapeutic plans, not 
only because the patient may spontaneously 
elect to discontinue the medication but also 
because discomfort so induced reduces the total 
palliative value of the treatment. 

Instances of apparent primary cancer of the 
breast developing after prolonged estrogen ther- 
apy in patients with prostatic cancer have, when 
carefully studied, been demonstrated to be 
metastases from the prostatic cancer.** In addi- 
tion to gynecomastia, other feminization effects 
become increasingly apparent with time. The 
growth of facial hair thins and slows although 
it does not cease. Fat is deposited over the hips 
and pubis. The skin becomes thin and assumes 
a finer texture. The male pubic escutcheon 
may become female in type and the genitalia 
decrease markedly in size. In practice the 
psychic effect of the feminization induced by 
estrogen has often appeared to be more dis- 
turbing than that of orchiectomy and certainly 
the general physical results of estrogen therapy 
are more evident than those of castration. 

Retention of sodium and chloride as a result 
of the administration of estrogen*® is a well 
established clinical phenomenon. In patients of 
the prostatic cancer age group the incidence of 
cardiovascular and renal diseases is such that 
this action of estrogen cannot be disregarded. 

Combined castration and estrogen therapy: The 
rationale of combined therapy is the possibility 
that estrogen may have one or more of the favor- 
able supplemental actions mentioned in the 
previous section on estrogen therapy. Com- 
bined therapy has the disadvantages of estrogen 
therapy and of orchiectomy and except for a 
possibly beneficial effect on survival time has no 
recognizable advantage over castration alone. 

[In spite of the relatively large number of pa- 
tients who have received endocrine therapy for 
carcinoma of the prostate there is a serious 
dearth of well documented studies providing 
information on the relative effectiveness of 
orchiectomy alone, estrogen alone, and the 
combination of orchiectomy and estrogen in 
the treatment of the various clinical stages of 
the disease. Furthermore, the available data 
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often give no quantitative information regarding 
the various symptomatic and objective criteria 
of improvement. As a consequence much of the 
discussion which follows is couched in general 
terms. 

Although the degree of improvement follow- 
ing endocrine therapy by any of the three 
modalities discussed obviously depends in part 
upon the stage of the cancer at the time treat- 
ment is initiated, a favorable symptomatic 
and/or objective response may be anticipated in 
not less than 70 per cent of the cases. *® 

The changes which may accompany a favor- 
able response may include: 

Symptomatic changes: Improvement in the pain 
of metastases to the bones. The majority of 
metastases to the bones from prostatic cancer are 
osteoblastic and pain from such lesions will 
usually subside within one to five days post- 
orchiectomy and within five to fifteen days 
after the initiation of estrogen therapy. In some 
instances the pain relieving effect of castration 
will be manifest within a few hours of surgery, a 
fact suggesting that some rapid reduction in 
volume of tumor may be responsible. In the 
latter regard it is of interest that Rudolph and 
Starnes‘? found a transient increase of the 
“sodium space’’ water of the seminal vesicles 
and prostates of castrated rats after a single 
injection of testosterone propionate. When the 
metastases to the bone are osteolytic, pain may 
not disappear until the bone has recalcified, a 
process requiring weeks for its completion. 

Urinary symptoms resulting from prostatic 
cancer are usually relieved, at least in part, 
within a few weeks of beginning treatment but 
when marked obstruction is evident at the start 
of therapy the use of a catheter or some surgical 
procedure may be necessary. 

Objective changes: General: Irrespective of the 
method of endocrine treatment selected, pa- 
tients who have become anemic and have lost 
weight show a gradual improvement in both 
features. 

Specific: Again irrespective of the method of 
endocrine therapy, patients will usually demon- 
strate a decrease in size and induration of the 
primary prostatic tumor and a decrease in size 
or even disappearance of soft part metastases. 
The changes in the bone lesions as demonstrated 
by x-ray are sometimes confusing. In spite of 
symptomatic and general clinical improvement, 
serial x-rays of the bone will often reveal exten- 
sion of the osteoblastic process, at least initially. 


Although this is roentgenographically inter- 
preted as extension of disease it seems probable 
that it often represents a “salting out’’ of pre- 
existing “‘soft’? metastatic deposits in bone or 
bone marrow. This explanation is often sup- 
ported by the general condition and progress of 
the patient and by the fact that on rare occasions 
the osteoblastic reaction will in time disappear 
leaving a relatively normal appearing bone on 
roentgenographic examination. 

An elevated serum acid phosphatase tends to 
fall within a week of castration and within two 
to three weeks after initiation of estrogen.*® 
The serum alkaline phosphatase is usually 
elevated in patients with metastases to the bone 
from prostatic cancer and often shows a further 
rise or a sustained plateau of activity following 
endocrine therapy. 

Gross reductions in the size of the tumor 
accompanying such favorable responses are 
reflected in microscopic evidence of the destruc- 
tion of the tumor cell in the prostate and in soft 
part metastases. *’ 

Recurrence of symptoms is usually the first 
evidence of relapse in the patient with prostatic 
cancer who has obtained a remission from 
endocrine therapy. Bone pain is commonly 
the first symptom of such reactivation but 
urinary symptoms may predominate. Occa- 
sionally weakness and weight loss will dominate 
the clinical picture of recurrence. Reactivation 
of the primary prostatic lesion may or may not 
occur. The acid phosphatase may remain nor- 
mal, even if it was initially elevated, suggesting 
that some fundamental change has taken place 
in the tumor; this is suggested also by the fact 
that it is sometimes the development of new 
metastases rather than the recrudescence of old 
ones which dominates the clinical picture in 
relapse. If either orchiectomy or estrogen has 
been untried in the relapsed patient, such should 
be promptly initiated. Although secondary 
remissions so induced are symptomatic only and 
transient, there is little to be lost by the effort 
since the average duration of survival from the 
time of relapse is less than ten months.*® Seven- 
teen to 36 per cent of patients will obtain a brief 
symptomatic secondary remission from such 
effort. 

With respect to the dosage and preparation of 
estrogen used there is little objective informa- 
tion on which to base a choice of drug or dosage. 
Baker®® found that as little as 0.25 mg. of di- 
ethylstilbestrol intramuscularly daily would 
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bring about a remission in a patient with pros- 
tatic carcinoma. Birke et al.5! found that oral 
administration of 30 mg. of diethylstilbestrol daily 
to patients with prostatic cancer produced a 
maximum reduction in urinary androsterone, 
etiocholanolone and total 17-ketosteroid excre- 
tion, which could not be further reduced by 
increasing the dosage of estrogen. Although 
these observations suggest that 30 mg. of di- 
ethylstilbestrol daily is a logical maximal dose, 
there are no clinical observations to support this 
suggestion. In the collective review of Nesbit 
and Baum“ the patients were treated with the 
equivalent of 1 to 5 mg. of diethylstilbestrol 
daily. However, Hudson et al.* have used 
500 mg. of diethylstilbestrol daily. The situation 
can be accurately summarized by saying that 
there is no unanimity of opinion on estrogen 
dosage and that no clear cut clinical evidence 
has yet been assembled to indicate an advantage 
for any particular dosage level, provided 
only that the minimal effective dose has been 
exceeded. 

With regard to the preparation of estrogen 
employed, no one substance has demonstrated 
any superiority over any other as far as control 
of the prostatic cancer is concerned. The drugs 
most commonly used in this country are diethyl- 
stilbestrol, ethinyl estradiol* and _ tri-p-anisyl- 
chloroethylene.t When a patient has relapsed 
from one estrogen preparation in one dosage, 
objective evidence of a further remission by 
changing the estrogen preparation or the dosage, 
or both, has not occurred. 

When the diagnosis of prostatic cancer has 
been made and when the therapeutic decision 
calls for palliation only, there is the question, 
when should the endocrine treatment be ini- 
tiated. Some favor immediate treatment whether 
or not the disease is symptomatic; others favor 
immediate treatment only when the disease is 
symptomatic and, in asymptomatic situations, 
advise delaying endocrine therapy until symp- 
toms appear. There is no convincing evidence, 
either in terms of patient comfort or survival, 
categorically to support or refute either of these 
therapeutic philosophies. 

Although remissions from the aforementioned 
modes of endocrine therapy may last for ten or 
more years, these are the exceptions. Good data 
on the extension of survival contributed by 
endocrine therapy are surprisingly scarce con- 

* Estinyl® (Schering). 

t TACE® (Wm. S. Merrell Research Laboratories). 
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sidering the large numbers of patients treated 
but the average extension of life so afforded is 
probably between one and two years.*®:5? 

The reasons for relapse and the reasons for 
initial failure to respond to endocrine therapy 
may be the same, but in any event are unknown. 

Adrenalectomy: The rationale of adrenalectomy 
in the treatment of cancer of the prostate is 
dependent upon two postulates for which there 
is specific although incomplete evidence:** 
(1) that prostatic cancer is an androgen-de- 
pendent tumor and that this androgen de- 
pendence is at least in part retained in the 
relapse following castration and/or estrogen 
therapy, and (2) that the relapse following 
castration and/or estrogen therapy is the result 
of androgen derived directly or indirectly from 
the adrenal gland. 

Adrenalectomy, although a major operative 
procedure, can be accomplished with minimal 
mortality and morbidity. The therapeutic 
results from the procedure have, however, been 
generally disappointing as evidenced by the 
facts that:5*-®5 (1) life expectancy is not ex- 
tended by the procedure; (2) subjective remis- 
sion in pain and/or in urinary symptoms has 
occurred in approximately half of the patients 
but has been unpredictable in occurrence and 
usually short in duration; and (3) objective 
evidence of remission has been obtained in 
about 10 per cent of the patients but has been 
unpredictable in occurrence and usually short 
in duration. 

There are several possible reasons for the poor 
results of adrenalectomy: (1) The cortisone or 
hydrocortisone replacement therapy required 
after adrenalectomy prevents the ideal of an 
‘“‘androgen-free” environment for the prostatic 
cancer since some of the metabolites of these 
substances are androgenic. The studies of 
Harrison et al.5*°?7 and Munson et al.** suggest 
that this argument is more of academic than of 
clinical importance since the amount of andro- 
genic activity is so small. (2) The possibility that 
therapeutic failures following adrenalectomy 
result from the fact that the prostatic cancer 
has already become androgen-independent at 
the time adrenalectomy is performed. Morales 
et al.** have largely eliminated this possibility 
by demonstrating that adrenalectomy carried 
out as the initial endocrine therapy of prostatic 
cancer was no more effective than adrenalec- 
tomy performed after relapse from a castration- 
induced remission. (3) Graham’s®® observation 
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that accessory adrenocortical tissue was present 
in the region of the celiac plexus in thirty-two 
of one hundred consecutive autopsies suggests 
that bilateral adrenalectomy may fall short of 
total adrenalectomy in about one-third of the 
subjects. 

In spite of the fact that adrenalectomy has 
been disappointing as a means of therapy, one 
cannot escape the interesting fact that many 
patients so treated had subjective remissions and 
a few had objective regressions of the cancer. 
These observations, although perhaps not justi- 
fying a general application of this therapeutic 
modality, at least justify further clinical ex- 
ploration with the hope that a method may be 
found for detecting preoperatively which patient 
may be expected to obtain sufficient benefit from 
the procedure to warrant its performance. 

Adrenal corticoid therapy: This is based on the 
belief that androgen resulting directly or in- 
directly from adrenal secretions may be reduced 
as a result of a decrease of endogenous adrenal 
steroid production brought about through 
depression of ACTH by the exogenous steroid. 
Support for this possibility is provided by the 
demonstration of a marked increase in urinary 
androgen excretion following the administration 
of ACTH to both intact and castrated men 
with prostatic cancer®® and by the observation 
of a marked decrease in urinary androsterone 
and etiocholanolone excretion following the 
administration of cortisone to both intact and 
castrated men with prostatic cancer.®*' The 
rationale of this method of therapy in the 
treatment of prostatic cancer is dependent upon 
the same two postulates enumerated for the 
rationale of adrenalectomy. 

Adrenocorticoid therapy has the advantages 
of simplicity and convenience, and the disad- 
vantages of the risks incumbent in the adminis- 
tration of these substances to the eucorticoid 
individual, such as, gastrointestinal ulceration, 
salt retention, potassium depletion and the like. 

Valk and Owens® reported 40 per cent 
improvement with massive cortisone and estro- 
gen therapy in a series of twelve patients with 
advanced prostatic cancer who were in relapse 
following castration and estrogen. Three of five 
improved patients had survived a year or more 
and two of the five had had reductions in serum 
acid phosphatase. Miller and Hinman®*! treated 
ten similar patients with 50 mg. of cortisone 
daily by mouth and observed subjective im- 
provement in eight and objective improvement 


in six, but the duration of the favorable responses 
was less than three months. Harrison, Thorn and 
Jenkins®® treated nine similar patients with 
cortisone in small doses. Although eight of the 
nine had some subjective improvement, none 
showed objective evidence of tumor regression. 
Experience with cortisone is accumulating and 
the impression is gained that, as in the case of 
adrenalectomy, subjective improvement is com- 
mon but of short duration, and objective evi- 
dence of tumor regression is rare. 

Hypophysectomy: The logic of hypophysectomy 
in the prostatic cancer patient who is in relapse 
following a remission induced by castration 
and/or estrogen is dependent upon a number of 
suppositions for which the evidence is at best 
quite fragmentary: (1) that adrenalectomy 
failures may be the result of incomplete adre- 
nalectomy and that this problem could be 
circumvented by the physiologic adrenalectomy 
which would result from the loss of ACTH 
stimulation via hypophysectomy; (2) that 
growth hormone may be a factor in human 
prostatic growth and/or function; and (3) that 
prolactin may be a factor in human prostatic 
growth and/or function. 

The potential role of incomplete adrenalec- 
tomy as a factor in the therapeutic failures 
following adrenalectomy has already been 
mentioned. 

Evidence that growth hormone is specifically 
involved in the growth and/or function of the 
normal prostate of man or experimental animals 
is lacking but its apparent role as a general 
anabolic factor in the genesis, growth or main- 
tenance of a variety of experimental tumors has 
been well demonstrated. 

Evidence that prolactin may be a factor in 
prostatic growth is provided by Sonenberg’s® 
observation of the localization of I-131 labelled 
prolactin in the rat prostate and by the observa- 
tions of Grayhack et al.** concerning the ability 
of prolactin to augment the effect of testosterone 
on the prostate of the hypophysectomized 
castrate rat. 

Hypophysectomy can best be regarded as a 
clinical experiment in the treatment of patients 
with prostatic cancer. At Memorial Center 
eight patients with proved, advanced prostatic 
carcinoma in relapse after castration and/or 
estrogen therapy have had hypophysectomy. 
One patient died less than one month post- 
operatively and could not be evaluated. Seven 
patients were evaluated. Hypophysectomy was 
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functionally incomplete in one of the seven and 
this patient failed to show subjective or objective 
remission. The remaining six patients had func- 
tionally complete hypophysectomies. Four of 
these survived one to eight months without 
subjective or objective improvement. ‘The 
remaining two patients have had remissions. 
One experienced a remission in pain, an im- 
provement in paraplegia and a fall in serum 
acid phosphatase which lasted eleven months 
before the onset of relapse; the other has had 
striking relief of pain, a rise in hemoglobin and 
disappearance of edema of the legs for four 
months since operation, but his serum acid 
phosphatase has risen slightly. Thus two patients 
among the eight achieved subjective remissions 
from hypophysectomy and one of these two had 
an apparent objective regression as evidenced 
by a fall in serum acid phosphatase. Much more 
experience will be necessary to evaluate fully 
the effects of hypophysectomy in_ prostatic 
cancer. 


CHOICE OF THERAPY AND RESULTS 


Having outlined the rationale, advantages 
and disadvantages of the major therapeutic 
alternatives, their application to the different 
clinical stages of prostatic cancer can now be 
considered. (Table rv.) 

Stage I. Difficulties in the clinical detection 
of latent prostatic cancer somewhat simplify 
the problem of treatment since undiagnosed 
cancers create no overt problem in therapy. 

Non-treatment: The natural history of latent 
prostatic cancer is incompletely defined. Some 
probably experience a 10 to 20 year period of 
latency, some manifest themselves ultimately as 
“‘occult’’ carcinoma, destroying the patient with 
metastatic disease before the primary tumor 
ever becomes clinically manifest. An estimate 
of the prognosis of patients with untreated stage 
1 lesions is afforded by: (a) The data of Higbee®™ 
who found eight instances of stage I cancer 
during incidental prostatic surgery. Three of 
these patients died of causes other than car- 
cinoma but the others were alive without recur- 
rence or metastasis five years later. (b) The data 
of Edwards®® who found twenty-three instances 
of stage 1 cancer during incidental prostatic 
surgery. Two subsequently died of cancer, five 
died of unrelated causes and the remaining 
sixteen were alive without recurrence or metas- 
tasis five years later. (c) The data of the Hin- 
mans*®® who found that the average survival of 
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nine patients with stage 1 lesions treated by 
transurethral resection alone was 36.8 months. 
(d) The data of Greene and Simon*® who found 
a 73 per cent five-year survival’ rate in thirty- 
seven patients whose stage I cancers were 
treated by transurethral resection alone. Since 


TABLE IV 
SURVIVAL WITH DIFFERENT FORMS OF THERAPY IN 
CARCINOMA OF THE PROSTATE 


Method of Management 

Clinical 
Stage of 
Neoplasm No 
Treatment | 


Endocrine 
Therapy 


Surgical 
Excision 


? 
? 10-20 yr. 
70% 5 yr. 
? | 61% 5 yr. 
37% 10 yr. 
10% 5 yr. | 0* 


6% 5 yr. | 0 


Stagel.. 75% 5 yr. 67% 
53% 5 yr. 
22% 5 yr. 

29-43% 5 yr. 
10-21% 5 yr. 


Stage l.... 


Stage II 
Stage Iv.... 


the average five-year life expectancy of patients 
of this age group®’ was about 75 per cent, it is 
apparent that 75 per cent would be the maximal 
attainable five-year survival rate even if no 
patient died of cancer. 

These limited data, the Hinmans’ study 
excepted, suggest that the five-year survival 
rate among patients with occult prostatic can- 
cers is about 70 per cent, a figure very close to 
the expected “‘natural” survival rate for indi- 
viduals of this age group. This high survival 
rate may be attributable in part to the slow 
growth of the tumor and in part to the possi- 
bility that the tumor was completely removed 
by the procedure which lead to its detection. ® 
The poor correlation of the Hinmans’ data 
with the other studies remains unexplained. 
Certainly, far more data must be accumulated 
before statistical significance can be accredited 
to any of the figures cited. 

Surgical excision: Hudson et al.‘ have been 
and are continuing to do open perineal biopsies 
on patients in whom some type of definitive 
prostatic surgery is being contemplated. When 
latent carcinoma is so identified, radical perineal 
prostatectomy is performed, the testes are re- 
moved and the patient is started on a regimen 
of 500 mg. of diethylstilbestrol daily. Five-year 
results are not yet available. 
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The Hinmans*® reported an average survival 
of 67.8 months in five patients submitted to 
radical perineal prostatectomy after latent 
cancer had been detected by transurethral 
resection. This was compared with an average 
survival of 36.8 months in nine similar patients 
who had had transurethral resection only. 

Endocrine therapy: Greene and Simor.®’ reported 
a five-year survival rate of 67 per cent in thirty- 
nine patients with latent prostatic cancer dis- 
covered by transurethral resection who were 
treated with diethylstilbestrol. 

For stage 1 cancers the reported five-year 
survivals following the major methods of man- 
agement are excellent and seem to approximate 
natural expectancy for men 68 or 69 years of 
age, (75 per cent 5-year survival). In the face 
of present information, an aggressive attitude 
towards either the diagnosis or treatment of 
latent prostatic cancer in patients in whom the 
five-year natural expectancy does not exceed 
75 per cent is difficult to justify except as a 
clinical experiment. For the patient whose life 
expectancy apparently exceeds ten years, detec- 
tion of a latent prostatic cancer may justify 
consideration of surgical excision, but any 
tendency towards therapeutic aggressiveness 
should be curbed by recollection of our ig- 
norance not only of the natural history of the 
disease but of the results of the alternative 
methods of therapy. 

At the present time “‘non-treatment”’ is what 
most individuals with stage 1 cancer receive, if 
for no other reason than lack of detection. When 
one considers the tremendous number of latent 
prostatic cancers, the death rate from prostatic 
cancer in this country becomes relatively less 
impressive. This is another way of saying that 
“‘non-treatment” has been a relatively effective 
method of management of latent cancer. Con- 
servatively, there are more than 3,000,000 men 
in this country with such stage 1 cancers. 
Granting that diagnosis and excision of all such 
latent lesions would completely prevent the 
occurrence of “occult” cancers, the relative 
infrequency of the latter clinical setting would 
not justify the undertaking. Furthermore, the 
major source of present prostatic cancer mortal- 
ity is still the clinically obvious prostatic cancer. 
The implication is that somewhere between the 
latent cancer that is not clinically recognized 
and the stage m lesion which is recognized too 
late there must reside a population of stage 1 
lesions which are waiting to be recognized or at 
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least suspected from digital rectal examination 
of the prostate. Efforts should be redoubled, 
not to detect the stage 1 lesion, which is so often 
without clinical import, but to detect the stage 1 
lesion, the logical forerunner of a lesion of 
ominous prognosis. 

Stage II. Non-treatment: There is no informa- 
tion concerning the temporal natural history 
of untreated lesions of this stage. Patients with 
stage 11 lesions are asymptomatic with reference 
to the cancer; accordingly the possibility of a 
program of non-treatment in this stage cannot 
be categorically dismissed. 

Surgical excision: Radical perineal prostatec- 
tomy is the only surgical procedure for which 
significant survival data are currently available. 
Jewett® reported a 61 per cent five-year and a 
37 per cent ten-year survival rate for patients 
with Stage 1 lesions, as compared with natural 
life expectancies for the age group involved of 
76 per cent and 53 per cent, respectively. 

Concerning the results of retropubic pros- 
tatectomy, radical prostatectomy with dissection 
of the lymph node, radical cystec.omy and 
pelvic exenteration in the treatment of stage 
lesions, no information of statistical value is 
available. 

Endocrine therapy: Data regarding the use of 
endocrine therapy in the management of 
stage 11 lesions are limited to those of Barnes®* 
who reported a 53 per cent five-year and 22 per 
cent ten-year survival rate in thirty-one patients, 
all but six of whom had estrogen therapy and/or 
orchiectomy. Of the fifteen deaths occurring 
within the first five years, five were due to 
causes other than cancer. In six, or 38 per cent, 
of the five-year survivors evidence of prostatic 
carcinoma subsequently developed. 

For stage m cancers radical prostatectomy 
should probably be advised if the patient’s life 
expectancy exceeds five years. If life expectancy 
does not exceed 5 years, either non-treatment 
or endocrine therapy is advised, bearing in mind 
the inconveniences of endocrine therapy and 
the fact that no advantage has been demon- 
strated for initiation of endocrine therapy as 
soon as the diagnosis is made. Endocrine therapy 
is palliative therapy and unless evidence can be 
brought forth in favor of its prophylactic use, 
it can logically be reserved until the manifesta- 
tions of the disease demand its initiation. 

Stage III. Non-treatment: From the point of 
view of temporal natural history the data of 
Nesbit and Baum*® indicate a five-year survival 
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rate of 10 per cent for patients with untreated 
stage 11 lesions. Most stage mI cancers cause 
local manifestations sufficient to demand treat- 
ment so that a policy of nontreatment is rarely 
followed. 

Surgical excision: Experience with radical 
cystectomy and pelvic exenteration in attempts 
at surgical excision of stage m1 cancers® has 
indicated the general futility of this approach. 
Although metastases were not preoperatively 
recognized in such cases, laparotomy promptly 
revealed metastases to the lymph nodes almost 
invariably. Excisions were initially attempted 
even in the presence of obvious regional metas- 
tases to the lymph nodes but the high mortality, 
high morbidity and, above all, the high recur- 
rence rate led to general abandonment of the 
procedure. In the younger patient with an 
“early” stage m1 lesion, such radical surgery 
may still find a place but it certainly has not 
yet been defined. 

Endocrine therapy: Nesbit and Baum** found 
the five-year survival rate in patients with 
stage m1 lesions to be 29 per cent with estrogen 
therapy, 31 per cent with orchiectomy and 43 
per cent with the combination of estrogen and 
orchiectomy. 

For selected problems in patients with stage 11 
lesions the following additional modalities of 
therapy are sometimes helpful: (1) transurethral 
resection for relief of bladder neck obstruction; 
(2) urinary diversion to an ileal bladder;® and 
(3) implantation of radioactive material into 
the tumor with or without concomitant urinary 
diversion. Kerr et al.7°7! have described the 
technic and the results of radioactive gold 
injection into stage m1 prostatic cancers. Al- 
though the radioactive material is capable of 
destroying the cancer when it makes sufficiently 
close contact, problems of obtaining adequate 
and uniform distribution of the radioactive solu- 
tions have confined the technic to situations 
where palliation rather than cure is being 
sought. This is not a technic for treatment of 
stage mu lesion unless radical excision, for one 
reason or another, is not to be done. 

For stage m1 lesions the problem is generally 
one of palliation only, except perhaps for the 
relatively young man with an early stage m 
lesion for whom there may be hope for cure 
from radical cystectomy. Endocrine therapy is 
commonly utilized as a first method of manage- 
ment, employing castration first and resorting 
to estrogen (ethinyl estradiol 1 mg. daily) when 
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and if castration relapse occurs. Operations for 
relief of bladder neck obstruction are post- 
poned, if at all possible, in order to give the 
endocrine therapy a chance to relieve obstruc- 
tion, but transurethral resection is done if 
operation is unavoidable. When and if there is 
ureteral obstruction and/or severe bladder 
dysfunction from the tumor, urinary diversion, 
preferably to an ileal bladder, may be consid- 
ered, especially if the general condition and 
prognosis of the patient seem to warrant the 
risks. At the time of urinary diversion radon 
seeds or other radioactive material may be 
conveniently implanted into the tumor. Corti- 
sone may be tried when all else fails but its 
greatest virtue is in the patient with bone pain 
rather than in the patient with massive local 
disease. 

Stage IV. Non-treatment: This is rarely if ever 
called for in the patient with stage Iv cancer. 
The data of Nesbit and Baum*® indicate a 
6 per cent five-year survival in patients with 
untreated stage Iv lesions. 

Surgical excision: This is obviously out of the 
question in the patient with a stage Iv lesion. 

Endocrine therapy: This offers the only hope of 
significantly increased survival to these pa- 
tients. Nesbit and Baum“ reported a 10 per cent 
five-year survival in patients treated with 
estrogen alone, a 21 per cent survival from 
orchiectomy alone and a 20 per cent survival 
from the combination of estrogen and castration. 

For patients with stage tv lesions x-ray therapy 
and neurosurgical procedures for the relief of 
pain and for decompression of the spinal cord 
are occasionally desirable. For first therapy cas- 
tration is carried out. When relapse occurs a trial 
on estrogen, usually ethinyl estradiol 1 mg. daily, 
is begun. When estrogen failure is apparent the 
choice rests between radiation therapy and 
cortisone. If pain is localized and severe enough 
to warrant concern, radiation therapy is given. 
A tumor dose of 2,000 r delivered in ten to 
fourteen days with a 250 KV unit will usually 
provide between six weeks and three months of 
relief. A second and even a third course may, if 
necessary, be given to the same area with suc- 
cess. If the prospects of repeated courses of 
radiation seem good, practical advantages may 
result from use of 400 KV or 1,000 KV units. 
If pain is or becomes generalized, cortisone may 
be tried, commonly starting with 50 mg. every 
six hours for five days, followed by 50 mg. every 
twelve hours for ten days, and adjusting dosage 
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to lower levels thereafter if possible. Adrenalec- 
tomy and/or hypophysectomy are still to be re- 
garded as experimental methods of therapy. 


SUMMARY 


A survey of the prostatic cancer problem is 
presented, including the pathology, clinical 
classification, incidence, natural history, diag- 
nosis, methods of treatment, choice of treatment 
and results. The endocrine aspects of therapy 
have been particularly stressed since this is the 
most practical and promising therapeutic ap- 
proach in the majority of patients. 
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Abnormalities in Calcium Metabolism in 
Malignancy; Effects of Hormone Therapy’ 


WILLIAM H. BAKER, M.D. 


Boston, Massachusetts 


ONE represents one of the most frequent sites 
B of neoplastic metastases, surpassed in this 
respect only by lungs and liver.' In 1891 von 
Recklinghausen presented a classic account of 
metastatic cancer of the bone.* Most of his con- 
clusions have withstood the test of time. For ex- 
ample, he indicated that (1) metastatic growths 
of bone appeared first within the bone marrow; 
(2) they are blood-borne; (3) subperiosteal 
extensions appear chiefly where main foramina 
traverse the cortical bone; and (4) the order of 
frequency in different parts of the skeleton is as 
follows: vertebrae, proximal ends of the femur, 
pelvis, ribs, sternum, proximal ends of the 
humerus, skull, and other bones less frequently. 

Although all carcinomas may metastasize to 
bone, those originating in the breast, lung, 
prostate, kidney and thyroid do so most fre- 
quently.' In carcinoma of the breast, the inci- 
dence of skeletal metastasis in disseminated 
disease varies from 50 to 75 per cent.'* In a 
recent study of consecutive cancer patients 10 
per cent of all bone marrow aspirations were 
positive for cancer cells and in 37 per cent of 
these there was no radiologic evidence of tumor.‘ 
The presence or absence of tumor cells as indi- 
cated by this technic may prove ultimately to 
be of prognostic value.® The prevalence of tumor 
cells within the marrow cavity must be due in 
large part to its rich vascular supply, with trap- 
ping of blood-borne tumor cells. In addition, 
the pelvis and lumbar spine have extensive 
venous anastomoses from the vena cava, as 
demonstrated by Batson,® and this must play a 
role in the frequency of metastatic disease in that 
area, especially with primary tumors of the 
pelvic organs. Finally, the biochemical nature of 
the soil which supports active marrow prolifera- 
tion normally, constitutes a fertile area for the 
proliferation of tumor cells. As tumor cells 


encroach upon the red marrow, new areas 
of marrow production within the yellow or fatty 
marrow may develop and thus the mid-portions 
of the shafts of long bone ultimately become areas 
of increased vascular supply. In general, the 
microscopic appearance of the tumor cells within 
bone corresponds closely with that of the 
primary tumor. With destruction of bone, 
replacement by connective tissue stroma and 
tumor cells occurs and large numbers of multi- 
nucleated cells resembling osteoclasts can be 
seen at the site of bone destruction.’ The reac- 
tion of the host to this bone resorption is usually 
that of bone formation or repair, so that in most 
cases a mixture of osteolytic and osteoblastic 
reaction is seen. If bone destruction exceeds bone 
production a net loss of calcium occurs and this 
is reflected by an increased excretion of calcium 
in the urine and feces. In those tumors evoking 
an osteoblastic reaction, when bone production 
exceeds bone destruction, calcium excretion in 
the urine is usually lower than normal. Meta- 
bolic data in the literature show that parallel in- 
creases or decreases of urinary phosphorus 
accompany the calcium change, most of which 
can be accounted for by bone destruction or 
production.?* 

Osteolytic versus Osteoblastic Metastases. As 
stated previously, most tumors show a combina- 
tion of osteolytic and osteoblastic elements, but 
all variations exist. Carcinoma of the prostate 
ordinarily evokes a predominantly osteoblastic 
lesion whereas carcinoma of the thyroid char- 
acteristically produces an osteolytic type of 
reaction. Exact reasons for these reactions are 
not known but they are undoubtedly related in 
part to the biochemical nature of the tumor 
cells. In general, slowly growin; tumors evoke a 
desmoplastic reaction in soft tissue and an osteo- 
blastic reaction in bone. These two reactions are 


* From the John Collins Warren Laboratories of the Huntington Memorial Hospital of Harvard University at 
the Massachusetts General Hospital, Boston, Massachusetts. This is publication No. 880 of the Cancer Commission 


of Harvard University. 


AMERICAN JOURNAL OF MEDICINE 


714 


Abnormalities in Calcium Metabolism in Malignancy—Baker 715 


characteristic of the body’s reaction to injury, 
which in the case of fracture is callus and in soft 
tissue, scar formation. 

A recent pathologic analysis of metastatic 
cancer in bones indicates that the differences in 
bone response to various types of neoplasms are 
quantitative and not qualitative. The authors 
believe the type of reaction produced is due 
mainly to rate of tumor growth and not to any 
abnormal substance produced by the cancer 
cells.’ 

That rate of growth governs the entire repair 
reaction seems unlikely since very rapidly grow- 
ing prostatic carcinomas produce an osteoblastic 
reaction and slowly growing carcinomas of the 
thyroid an osteolytic reaction. It is probable that 
in these situations biochemical characteristics 
of the tumor cells play an important part in 
determining the type of host reaction to their 
presence. One of many possible governing 
biochemical factors could be the high level of 
acid phosphatase which is found in prostatic 
carcinoma cells.*° An acid phosphatase has also 
been demonstrated in carcinoma cells in the 
breast which produce a combination of osteolytic 
and osteoblastic metastasis and, in an occasional 
case, complete osteoblastic reaction.':!* Car- 
cinoma cells of the thyroid and kidney do not 
contain such concentrations of this enzyme and, 
in addition, are notoriously poor in stroma thus 
failing to provide a matrix for calcium deposition 
to occur. 

Eventually the host’s defense reaction to the 
invading tumor cells is overcome and replace- 
ment of bony tissue by neoplastic cells results in a 
release of calcium and phosphorus into the 
biood stream which is then excreted predomi- 
nantly by the kidney.’:*:!* If the released calcium 
exceeds the capacity of the kidney to excrete 
such large quantities, hypercalcemia and its 
attendant symptomatology ensue. In most cases 
the resultant hypercalcemia is associated with a 
normal or elevated serum phosphorus, rarely 
with a low serum phosphorus, particularly when 
cachexia is present. When a low serum phos- 
phorus accompanies the hypercalcemia the 
blood serum values are identical with those of 
hyperparathyroidism and there is difficulty in 
exact diagnosis.'*!> A possible explanation is 
the production of a parathormone-like substance 
by the cancer cells.'® 

Renal Excretion of Calcium. Endogenous cal- 
cium excretion in man, expressed as a ratio of 
urine excretion to fecal excretion, is approxi- 
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mately two to one:*® A similar excretion ratio 
exists in the monkey but in the dog the ratio 
is reversed to one to ten and in the rat to one to 
twenty-two.'? These excretion ratios must be 
taken into account when metabolic experiments 
in the dog and rat are translated to man. 
With persistent hypercalcemia and _ hyper- 
calciuria in cancer of the breast, metabolic 
experiments reveal no defect in absorption. 
When calcium intake is increased from 150 mg. 
to 1.0 gm., about 20 per cent of calcium in the 
intake is absorbed and retained, producing a 
less negative balance and very little or no in- 
crease in urinary calcium excretion.”:!* In such 
patients the normal excretory ratios are usually 
present, the kidney playing the major role. 
Pearson states that when the urinary excretion of 
calcium exceeds 500 mg. per twenty-four hour 
period, hypercalcemia occurs.'® This is gen- 
erally true but in occasional patients a urinary 
calcium excretion as high as 900 mg. per twenty- 
four hours has been found to be associated with 
normal serum calcium.'* In most of these latter 
cases an osteoblastic reaction is present within 
the bone so that bone production in the host 
may play a part in keeping the serum calcium at 
a normal level. In addition, changes in renal 
reabsorptive mechanisms may also be important 
in regulating serum calcium. The exact mecha- 
nism of calcium excretion by the kidney is not 
known but indirect evidence seems to indicate 
that the calcium not bound to protein is filtered 
and partially reabsorbed by the renal tubule." 
Such indirect evidence indicating that calcium is 
probably reabsorbed can be seen in Figure 1, 
which demonstrates the effect of mercuhydrin 
on calcium excretion. This patient was on a 
constant calcium intake and was receiving oral 
meticorten, 20 mg. daily, for cancer of the 
breast metastatic to lungs and bone. With each 
injection of 2.0 cc. of mercuhydrin the concen- 
tration of calcium, in mg. per cent, rose, accom- 
panied by a moderate to minimal diuresis with 
resultant increase in total calcium output. A 
similar change has occurred during administra- 
tion of mercuhydrin to four additional patients, 
two of whom had no disease of the bone but all 
of whom were receiving cortisone therapy for 
varying reasons. Similar although less marked 
changes in normal subjects not on cortisone 
therapy have been reported elsewhere.”! 

During the acute phase of hypercalcemia, 
symptoms of dry mouth, polyuria, polydipsia 
and vomiting are usually present. We have 
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studied two patients during this phase and 
have demonstrated a decreased glomerular filtra- 
tion rate and a decreased renal blood flow with 
a normal filtration fraction. Both patients were 
unable to concentrate well but responded nor- 
mally to antidiuretic hormone.'* When calcium 
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Fic. 1. The effect of mercuhydrin in a sixty-three year 
old woman with cancer of the breast metastatic to lungs 
and bones. The patient was on a constant, low-calcium 
(150 mg.) diet and received 20.0 mg. of meticorten 
orally. On eight different occasions, designated by the 
arrows, 2.0 cc. of mercuhydrin were given intramuscu- 
larly and each time the concentration of calcium rose 
with an increase in the total twenty-four hour urine 
output. 


O Days 10 15 20 25 30 
MERCUHYDRIN 


lactate infusions are given to normal subjects in 
amounts sufficient to cause hypercalcemia, in- 
creased urinary excretion of sodium and chloride 
accompany increased calcium excretion.”” 

With sustained hypercalcemia, deposition of 
calcium occurs within the renal tubules and in 
the renal pelvis, with eventual nephrocalcinosis 
and at times stone formation, leading to me- 
chanical impairment of kidney function with a 
rising non-protein nitrogen. In such a situation 
hypercalcemia is further aggravated and therapy 
must be directed towards the cause to interrupt a 
vicious cycle. 

Hypercalcemia. An elevated blood calcium 
can occur in many diverse pathologic states such 
as hyperparathyroidism, vitamin D intoxication, 
milk-alkali syndrome, Boeck’s sarcoid and a wide 
variety of neoplastic diseases metastatic to 
bone.'®?* It is not the purpose of this paper to 
discuss the distinguishing features of each of 
these conditions. Suffice it to say that the con- 
ventional clinical history, physical examination 
and laboratory analysis are usually adequate to 
differentiate them. 

Hypercalcemia occurring in the presence of 
neoplastic bone involvement has been discussed 
at length by numerous authors.'*:*4~?? It occurs 
spontaneously in about 10 per cent of patients 


with disseminated cancer of the breast and in 
about 20 per cent of patients with cancer of the 
breast treated with hormones.** It occurs oc- 
casionally with hypernephroma, bronchogenic 
carcinoma, multiple myeloma and other miscel- 
laneous tumors metastatic to bone, but is very 
rare in carcinoma of the thyroid or in prostatic 
carcinoma. In prostatic carcinoma the excess 
calcium released by bone breakdown may be 
compensated for by the very active osteoblastic 
proliferation of the host. On the other hand, in 
carcinoma of the thyroid with little osteoblastic 
proliferation the reason for its absence may be 
related to the very slow growth rate of this type 
cancer. As stated previously, hypercalcemia 
is usually associated with a normal or elevated 
serum phosphorus. In the absence of disease of 
the liver or biliary tract, hypercalcemia is also 
accompanied by a normal or falling serum alka- 
line phosphatase, and remission from hyper- 
calcemia by a rising alkaline phosphatase, 
indicating bone repair.**:** 

In our experience we have seen no case of 
hypercalcemia associated with cancer that has 
not shown evidence of metastases to the bone 
either by x-ray or autopsy. Very recently two 
cases of bronchogenic carcinoma with hyper- 
calcemia, hypercalciuria and hypophosphatemia, 
without evidence of bone disease, have been re- 
ported.*® In one patient hypercalcemia subsided 
four days after removal of the primary lung 
tumor but recurred with metastases to the chest 
wall and then remitted again prior to death. 
Routine autopsy showed no skeletal metastases 
but areas of bone remote from the primary 
tumor showed active bone resorption without 
tumor cells. A second patient showed no evi- 
dence of metastases to the bone by biopsy or 
x-ray, and with removal of the primary tumor 
hypercalcemia subsided. In addition, a small 
series of cases of hypercalcemia with negative 
autopsy evidence of metastases to the bone 
has been seen recently at the Presbyterian 
and Francis Delafield Hospitals in New 
York. Most of these cases were of renal 
or ovarian origin, or located in the retroperito- 
neal space.*' It is very difficult to explain such 
findings merely on the basis of tumor growth 
and osteolytic destruction of bone by tumor cells. 
They suggest, as Connor points out, that the 
tumor cells may be elaborating some substance 
which is capable of causing resolution of bone. 
The fact remains, however, that in most of these 
instances, the tumors described have a high 
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frequency of metastasis to the bone and single 
small areas of metastatic lesions might be missed 
at routine autopsy. In addition, patchy necrosis 
is common in osteoclastic tumors and at times 
this may be so extensive that tumor tissue is 
replaced by a structureless debris of an area 
several centimeters in diameter, so that the edge 
of the neoplasm may be devoid of living cells over 
a wide front.'! Thus a small biopsy site might not 
include the neoplastic cells. A decrease in hyper- 
calcemia following removal of the primary 
tumor is very good evidence that resorptive 
bone agents were being produced by the neo- 
plastic cells. Such cases must be scrutinized care- 
fully since, if tumor cells do release resorptive 
agents, our explanation of hypercalcemia and 
hypercalciuria in the presence of bone neoplasm 
will need revision. 

Since sudden death may occur in hypercal- 
cemia, successful therapy may be a life-saving 
maneuver. Numerous methods to lower the 
serum calcium with complexing and chelating 
agents have been tried. The administration of 
sodium citrate, a complexing agent, has fre- 
quently been advocated.'* Very little lowering 
of the serum calcium occurs with sodium citrate 
since the citrate is rapidly metabolized. Attempts 
to lower the serum calcium by means of chelating 
agents such as sodium ethylenediamine tetra 
acetate (sodium EDTA) have not been suc- 
cessful.*?-** Although a proportion of the serum 
calcium is bound and chelated by sodium EDTA 
and excreted in the urine, there is no change in 
the total serum calcium, which may even 
increase. Associated with the increase in serum 
calcium there is an increase in urinary calcium.** 
Finally, sodium EDTA, when given in amounts 
to bind the excess ionized calcium, will produce 
renal tubular damage with anuria and azotemia, 
to cause further renal impairment.**:** 

The use of oral agents, such as sodium phytate 
or oral sodium EDTA, to decrease intestinal 
absorption of calcium may be of temporary 
benefit.!*:3® From a practical standpoint, how- 
ever, many patients with marked hypercalcemia 
are nauseated and vomiting, so that the use of 
oral agents is not feasible. The best available 
means to treat hypercalcemia in carcinoma of 
the breast at the present time is to administer 
large amounts of intravenous fluid to promote 
the renal excretion of calcium and, by lowering 
of the urinary calcium concentration, prevent 
nephrocalcinosis. When hypercalcemia follows 
administration of hormones, discontinuance of 
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the offending hormone is indicated as well as 
administration of large amounts of fluid. In 
spontaneous hypercalcemia shifts in the hor- 
monal environment by means of castration, 
adrenalectomy, hypophysectomy or administra- 
tion of hormones may change the tumor-host 
relationship to favor the host, with subsequent 
decrease of the elevated blood calcium. 

The Effect of Hormones on Calcium Metabolism in 
Cancer. In the final analysis very little is 
known concerning the exact nature of the action 
of hormones on calcium metabolism in man. 
Most of the information is derived from indirect 
parameters and thus the changes that occur 
with administration or withdrawal of hormones 
must be analyzed with full awareness of the 
multiple known and unknown factors involved. 

Aub, in 1933, reported on four patients with 
cancer of the breast metastatic to bone who 
showed slight increases in urinary calcium which 
he interpreted to be due to the destructive 
effects of the tumor on bone. Parathyroid extract 
administered to these patients produced the 
same effect as in control subjects.*” More re- 
cently, Pearson has shown by very careful 
metabolic studies that fluctuations in serum 
and urinary calcium in patients with metastatic 
cancer of the breast can be correlated with 
hormonal changes during menstrual cycles and 
are indicative of hormone-dependent tumor 
cells.‘° If urinary calcium rises prior to the 
menses and falls following cessation of the 
menses, a beneficial effect, as measured by 
urinary calcium, will occur after castration. On 
the basis of urinary calcium change, he postu- 
lates that there are two types of cancer of the 
breast: (1) those that are hormone-dependent 
and are adversely influenced by estrogens, and 
(2) those that are hormone-independent and 
are unaffected by estrogens. 

Estrogen has also been administered to pa- 
tients with cancer of the breast and skeletal 
metastases in an attempt to select those who will 
benefit from castration: A rise in calcium excre- 
tion upon administration of estrogen indicates 
hormonal dependency and thus distinguishes 
those patients who will benefit from removal of 
estrogen sources. The authors in question report 
a case of a seventy-two year old woman who 
obtained a gratifying objective response from 
castration after previous estrogen stimulation 
had caused a rise in urinary calcium.** In our 
experience these methods for selecting patients 
for castration have been helpful chiefly in the 
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Fic. 2. From Kennedy et al.'* with permission of the authors. Note the initial marked increase in 
serum and urinary calcium when the patient was given stilbestrol, eventually followed by a decrease 
on continued administration. Positive calcium balance eventually ensued, with x-ray evidence of 


recalcification of lesions in four months. 


postmenopausal female. In the case of the 
estrogen stimulation test we have not had 100 
per cent correlation with the results predicted on 
the basis of calcium excretion. A few of our 
patients have had increases in urinary calcium 
excretion following administration of estrogen 
and have shown no benefit whatsoever from 
castration. On the other hand, a few patients 
who have had no increases in calcium excretion 
at the dose range of 5 mg. of stilbestrol daily have 
received definite benefit from castration, with 
recalcification of their bony lesions. In addition, 
we have encountered two patients (Fig. 2) who 
have demonstrated an initial increase in serum 
and urinary calcium but have received ultimate 
benefit from continued administration of stil- 
bestrol. Thus the initial effect may not in all 
cases predict future benefit. The precise effect of 
estrogens on bone metabolism in control sub- 
jects is not known, but in those patients who 
have postmenopausal osteoporosis a slight de- 
crease in urinary calcium usually occurs, which 
in most cases is interpreted as repair of osteo- 
porosis.’® In such patients decreases in calcium 
excretion cannot be interpreted as complete 


evidence of beneficial antitumor effect. In- 
creases in calcium excretion following adminis- 
tration of estrogen in mammary carcinoma are 
most probably associated with an increased 
growth rate of the tumor cells. It is also possible, 
however, that necrosis of tumor cells within the 
bone may occur, similar to the necrosis produced 
in soft tissues. * 

Androgens. Early observations by Adair and 
others that administration of androgen in 
mammary carcinoma may frequently cause 
exacerbation of the disease, as manifested by 
hypercalcemia and hypercalciuria, have been 
confirmed by many investigators.?*~*®*** Indeed, 
in spite of marked symptomatic relief obtained 
with androgen therapy large increases in urinary 
calcium excretion and rapid dissolution of the 
bones, as shown by x-ray, can occur.**:*° In most 
of the carefully studied cases in which androgen 
therapy has been continued no reversal of 
hypercalcemia or hypercalcuria took place. 
The cause of the hypercalciuria and hyper- 
calcemia induced by androgens is not known. 
Recent evidence has demonstrated the conver- 
sion of testosterone to estradiol by human tissue 
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and it is possible that such a conversion could 
cause an increased growth rate of estrogen- 
dependent cells, with resultant dissolution of 
bone.** This does not resolve the fact, however, 
that in about 20 per cent of metastatic mammary 
cancers androgens produce a beneficial recalcifi- 
cation of osteolytic lesions.**:*° In some cases 
early increase in bone pain, nausea, vomiting 
and fever may augur a future beneficial effect of 
androgens; an initial increase in symptoms after 
administration of androgens may be only tem- 
porary and followed by a favorable host response 
and an osteoblastic reaction. 

Cortisone. The beneficial effects of cortisone 
in carcinoma of the breast have been well 
documented by many authors.**:** In many such 
cases cortisone has produced a lowering of the 
serum and urinary calcium. In a very few of these 
cases recalcification of the bones has occurred. 
We are unable to explain completely this effect 
of cortisone. Cortisone may act by inhibition 
of ACTH, with a resultant decreased output 
of sex steroids by the adrenal gland and thus 
decreased growth rate of estrogen-dependent 
mammary carcinoma cells. Many other un- 
known factors may be involved, however. 

Ablative Therapy. Castration and adrenal- 
ectomy may exert their beneficial effects upon 
calcium metabolism in neoplastic disease by 
removal of major estrogen sources which stimu- 
late the tumor cells, thus tilting the dynamic 
tumor-host relationship in favor of the host. 
Hypophysectomy may benefit by removing 
trophic stimulation of the adrenals and ovaries, 
with resultant decrease in estrogen levels. In:ad- 
dition to the removal of gonadotropins, hypoph- 
ysectomy removes thyrotropin and somato- 
tropin. Both of these latter hormones may cause 
increases in calcium excretion; thus, to judge the 
effect of hypophysectomy by decrease in urinary 
calcium may be hazardous. In two patients, one 
reported by Pearson and the other by Jessiman 
administration of growth hormone to hypoph- 
ysectomized patients with cancer of the breast 
resulted in increased calcium excretion.***7 
Since increased calcium excretion occurs in 
acromegaly, it is difficult to interpret these data 
in respect to the mechanisms involved.* 


SUMMARY AND CONCLUSIONS 


The various factors governing the presence of 
metastatic cancer in bone are discussed. The 
reasons for the high incidence of osseous metas- 
tases seem to be related to the vasculature and 
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fertile soil afforded by the skeletal system. The 
reasons for the various types of host reaction in 
bone are not altogether clear. They are prob- 
ably related to the growth rate of the tumor cells 
and their individual biochemical characteristics. 

The dynamic equilibrium that exists between 
bone dissolution and bone production in meta- 
static Mammary carcinoma is subject to spon- 
taneous changes, at times in favor of the tumor 
cells and at times in favor of the host. The 
development of hypercalcemia and/or hyper- 
calciuria is usually accompanied by increased 
growth rate of tumor cells, with resultant 
destruction of bone and possibly of the tumor 
cells themselves. 

The magnitude of calcium excretion is a 
guide to therapy but offers a gross and not 
unequivocal prediction of future benefit. The 
multiplicity of factors, both known and un- 
known, governing calcium excretion makes its 
use as a sole measure of objective effect unwise, 
and other parameters of antitumor effect should 
be used conjointly. 
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Extirpative Endocrine Therapy for 
Advanced Cancer of the Breast” 


B. J. KENNEDY, M.D. 


Minneapolis, Minnesota 


LTERATIONS Of hormonal factors in patients 
A with cancer of the breast have significantly 
influenced the course of mammary cancer. 
Regressions of metastatic cancer of the breast or 
temporary cessation of growth as well as acceler- 
ation of tumor growth have been demonstrated 
upon administration or deprivation of various 
endocrine agents. Although the precise mecha- 
nisms of these agents cannot be defined observa- 
tions suggest that the capacity of the hormonal 
factors to affect the growth of cancer of the breast 
is governed by the current endocrinologic status 
of the host. This is dependent in part on the 
function of the ovaries, adrenal glands and 
hypophysis. Observations have suggested that 
each of these glands is capable of producing 
agents favorable to the growth of cancer. 
Attempts consequently have been made to 
destroy or inhibit the function of these endocrine 
organs by radiation therapy, chemotherapeutic 
technics and surgical removal. This discussion 
will consider specifically the role of extirpation 
of the ovaries, adrenals and pituitary. 


CASTRATION 


A wide disagreement exists concerning the 
role of castration in the management of cancer of 
the breast and the optimum time for its perform- 
ance. In 1889 Schinzinger proposed as a rational 
procedure surgical castration (ovariectomy) 
as a possible therapeutic approach to cancer of 
the breast.! This method of treatment was first 
employed by Beatson who in 1896 reported im- 
provement following castration in inoperable 
cases.” This observation has been confirmed by 
many investigators.*~® Lett in 1905°® collected 
ninety-nine patients treated by ovariectomy 
and noted marked improvement in 23 per cent 
of the patients and a distinct though less marked 
benefit in 13 per cent. Thereafter the reports of 
ovariectomy comprised only small numbers of 


cases because of the development of ovarian 
radiation. 

Loeb’ in 1913 reported that ovariectomy 
radically reduced the incidence of mammary 
tumors in mice. These findings established an 
experimental background of a relationship be- 
tween mammary cancer and ovarian hormones. 
Castration has since become an accepted treat- 
ment for advanced cancer of the breast. 

Therapeutic Castration. Castration is primarily 
of value as a palliative procedure in patients 
with advanced primary, recurrent or distant 
metastatic cancer of the breast. The beneficial 
effects are essentially confined to premenopausal 
women, though occasionally castration is of 
value a few years after spontaneous cessation 
of the menses when there is evidence of residual 
ovarian activity.* Effective ovarian radiation or 
ovariectomy may result in relief of symptoms 
(relief of pain, rehabilitation, increase in appe- 
tite and weight gain), objective regression of soft 
tissue lesions and calcifications of osseous le- 
sions.*:* Neither the histologic picture of the 
cancer nor the clinical manifestations of the dis- 
ease have been helpful in predicting a favorable 
response or in selecting the patient for castration. 
Suggestive evidence that castration may be of 
value is the patient with osseous metastases with 
exacerbation of bone pain in the premenstrual 
period, apparently due to estrogen stimulation of 
the tumor. 

The data indicate that from 20 to 50 per cent 
of patients with advanced cancer of the breast 
obtain palliative benefit from castration. The 
average duration of such improvement is ten 
months with a range of three months to five 
years. 

Halberstaedter and Hochman report im- 
provement in 56 per cent of sixty cases castrated 
by ovarian radiation, though these observations 
include subjective (symptomatic) and objective 


* From the Department of Medicine, University of Minnesota Medical School, Minneapolis, Minnesota. This work was 
supported in part by the American Cancer Society and the Damon Runyon Memorial Fund. 
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responses. Eight of the sixty patients had pro- 
phylactic castration. Of fifty-two patients, 50 
per cent demonstrated subjective or objective 
improvement. Adair castrated 335 women, 15 
per cent survived more than two years after the 
appearance of metastases.'' Treves reported a 
series of 191 patients who had undergone ovari- 
ectomy.'? Of these, 151 were in the premeno- 
pausal age and forty postmenopausal. An 
operative mortality of 2.5 per cent was recorded 
in each group. Objective improvement occurred 
in 43.7 per cent of the premenstrual group. The 
postmenopausal group had improvement in 18 
per cent. Of these, however, five of the seven 
patients improved had had previous radiation 
therapy to the ovaries. Only one patient was 
more than five years postmenopausal. 

Technic of Castration. ‘The potential effects of 
castration have been confused by the methods 
available for ablation of the ovaries. Both 
ovariectomy and radiation of the ovaries have 
been employed. Surgery essentially guarantees 
permanent eradication of ovarian hormone 
production and ovulation. The efficacy of radia- 
tion in these effects is less certain and does not 
permit a critical analysis of the completeness of 
suppression of gonadal function. The develop- 
ment of amenorrhea and of menopausal symp- 
toms is not a sufficient indication of the com- 
pleteness of ovarian suppression. Studies of 
urinary gonadotropins, estrogen excretion and 
vaginal smears after ovarian radiation reveal 
considerable fluctuation, as contrasted to more 
constant levels after ovariectomy. Even though 
ovarian activity appears to be completely sup- 
pressed following radiation, functional recovery 
of the ovaries may occur with the reappearance 
of menses. It is clear that failure to suppress 
ovarian function completely and permanently 
by radiation is due in part to insufficient dosage. 
The so-called “‘sterilizing’’ dose is inadequate. 
However, an adequate radiation dosage may be 
as efficacious as ovariectomy. When radiation is 
employed a dose of 1,200 to 1,500 r delivered as a 
tissue dose to the ovaries within a ten day 
period should be attained. Ovarian destruction 
can be judged by serial studies of the vaginal 
smear. The effective dose level appears to be 
higher in younger women because of greater 
ovarian activity.® 

Suppression of ovarian function does not occur 
before a minimum of six to eight weeks after the 
initiation of radiation. If a rapid effect is neces- 
sary because of acute or distressing complica- 
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tions (hypercalcemia, liver involvement, brain 
metastases), ovariectomy is undoubtedly pref- 
erable. In some instances the patient may be too 
ill to tolerate anesthesia and a surgical pro- 
cedure. In these instances concomitant radiation 
therapy and androgen hormone therapy may 
hasten the effect of radiation suppression of 
ovarian function. 

The earlier studies on the effectiveness of 
ovarian irradiation in cancer of the breast need 
reevaluation because of the inadequate dosages 
frequently employed. That this is recognized is 
evidenced by recent trends toward the delivery 
of larger and more efficient doses of radiation. 
The present trend is towards ovariectomy for 
younger women, reserving radiation primarily 
for women in the forties when ovarian function is 
already declining. * 

Following castration of young premenopausal 
women severe menopausal symptoms may occur. 
The usual management of this syndrome is not 
advised under these special circumstances. Since 
one of the prime purposes of ovarian ablation is 
the removal of estrogenic hormones, such agents 
are contraindicated as treatment of the meno- 
pausal symptoms. Androgenic hormones are 
also not recommended since it has been estab- 
lished that androgenic hormones are in part con- 
verted to estrogenic hormones" and also have 
been reported to accelerate the growth of cancer 
of the breast in 10 per cent of patients with 
osseous metastases.'® When necessary, manage- 
ment of the menopausal syndrome in this 
instance consists primarily of sedation. 

Mechanism of Action of Castration. ‘The benefits 
of castration appear to occur primarily from 
estrogen deprivation. It has also been suggested 
that this results in a relative increase in andro- 
genic or other hormonal activity.* Estrogens 
administered in the presence of active ovarian 
function may sometimes accelerate the growth of 
cancer of the breast.'® Patients who responded 
favorably to castration have demonstrated 
exacerbation of the disease upon administration 
of small doses of estrogens.'? On the other hand. 
intensified growth of cancer of the breast in pre- 
menopausal women has been observed, although 
rarely, with massive doses of estrogen which pro- 
duce amenorrhea. In fact at dose levels of 1,000 
mg. of stilbestrol daily regressions of tumor 
masses in a few patients have occurred.'* These 
findings suggest that inhibition of pituitary 
growth hormone or tropic factors may play a role 
in control of the growth rate of cancer of the 
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breast. Most data suggest that the beneficial 
effects of castration are primarily due to removal 
of ovarian hormones (chiefly estrogens). Such 
cancers of the breast are referred to as ovarian- 
dependent tumors; ovarian non-dependent tu- 
mors being those not responding to castration. 

Cancers of the breast showing profound 
regression after initial successful castration 
invariably undergo reactivation. This may be 
due to adaptations of the more resistant cells to 
an environment initially rendered unfavorable 
to tumor growth or to the endogenous produc- 
tion of estrogens from other sources. Postmortem 
examination of castrated patients revealed en- 
largement of the pituitary and adrenal glands. 
An increase of pituitary and/or adrenal hor- 
mones may exert a further effect which serves to 
reactivate the growth of the tumor. 

Prophylactic Castration. There is widespread 
disagreement as to whether prophylactic castra- 
tion increases the curability rate of patients in 
whom radical mastectomy is performed for a 
cancer confined to the breast or regional lymph 
nodes. Generally it appears that prophylactic 
castration does not increase the curability rate. 
Others strongly advocate castration as a preven- 
tive measure. The poor results of therapy in pre- 
menopausal patients, the promotion by preg- 
nancy and lactation of growth of cancer of the 
breast, and the stimulating effect of endogenous 
estrogenic hormones are cited as reasons for 
recommending prophylactic castration. 

The problem is two-fold: does prophylactic 
castration increase the period before the occur- 
rence of metastases, and does it increase total 
survival time? The primary difficulty in evaluat- 
ing this problem is the lack of comparable cases 
in a series of prophylactic castrations, therapeutic 
castrations and those not castrated. Further- 
more, the number of cases in most series reported 
has been small. 

Horsley states that in a series of thirty-nine 
premenopausal women treated by simultaneous 
radical mastectomy and surgical castration the 
five year “cure rate’ was 76.9 per cent.!* Sicard 
reported fifty-five women prophylactically cas- 
trated by surgery or x-ray.” There was no 
recurrence in six months to three years after 
radical mastectomy in forty-one patients. In 
view of the short follow-up period these figures 
are of little value. 

Smith reported sixty patients castrated pro- 
phylactically by surgery.*! Higher rates of 
survival were recorded among the castrates, the 
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most striking difference occurring in the group 
with axillary metastases. The difference was not 
significant in these with negative axillary nodes. 
The same investigator analyzed forty-one pa- 
tients who had received radiation castration. 
In twenty with axillary nodes the five year sur- 
vival was 40 per cent, compared to 31 per cent 
in the control non-castrated group. This was 
inferior to the 74 per cent survival in the twenty- 
three surgically castrated patients. At ten and 
fifteen years after mastectomy the survival rates 
were the same as in the surgical group. The few 
cases in this series again do not permit a definite 
conclusion. There have been no significant re- 
ports dealing specifically with the results of pro- 
phylactic ovarian radiation. 

Treves collected 116 patients who had had 
prophylactic castration.'? Of these seventy-nine 
had been subjected to radiation castration and 
thirty-seven to ovariectomy. These were com- 
pared with 2,893 cases of radical mastectomy 
without other treatment. The report comprised 
five and ten year survival rates of patients free 
oi clinical disease. In the non-castrated group the 
five year survival was 54.4 per cent. Of the 
entire group of prophylactically castrated pa- 
tients, 63 per cent survived five years without 
clinical disease. Of the patients treated with 
radiation castration 54 per cent survived five 
years as compared with 81 per cent of the pa- 
tients treated by ovariectomy. These preliminary 
data suggest that prophylactic castration pro- 
longs the period before the onset of metastases. 
Further, with the smaller surgical figures, ovari- 
ectomy was superior to radiation therapy. The 
total survival data have not been reported. 

In summary, it would appear that prophy- 
lactic surgical castration has a significant effect 
in delaying the onset of metastatic disease. 
Further, in comparison with a non-castrated 
group survival time may be prolonged in patients 
with axillary metastases. However, no data com- 
pare the effect of prophylactic castration in 
terms of total survival time with an equivalent 
group of patients in whom therapeutic castration 
is postponed until metastases are manifest. The 
survival period of these two groups may be the 
same. 

Since one must consider further hormonal 
therapy after the onset of metastases, it may be 
advantageous to be able to carry out castration 
as a therapeutic procedure in order to determine 
whether or not the tumor is an ovarian-depend- 
ent lesion. In this manner the decision regarding 
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further endocrine gland ablative procedures or 
other hormone therapy would be made less difhi- 
cult. In view of the long-term concept of hor- 
monal therapy and the paucity of data regarding 
prophylactic castration, dogmatic support of 
the value of prophylactic castration is not justi- 
fied for the present. 


BILATERAL ADRENALECTOMY 


It has been proposed that an adrenal com- 
ponent sustains or propagates certain types of 
mammary cancer. In mice gonadectomy in- 
duced adrenal hypertrophy and later the forma- 
tion of adrenal cortical tumors.”? Pathologic 
examination of patients previously castrated 
revealed enlargement of the adrenal glands in 
some cases. It was postulated that these were a 
source of increased amounts of hormonal factors 
that stimulated the growth of cancer of the 
breast. 

Women with cancer of the breast who have 
undergone ovariectomy continue to excrete 
significant amounts of estrogenic compounds 
in the urine.?* It is clear that the adrenal glands 
are capable of secreting hormones that can 
sustain the growth of cancer of the breast. 
When cortisone was made available to maintain 
paticnts after bilateral adrenalectomy this 
procedure was employed in the treatment of 
human cancer of the breasts. Since cortisone 
suppressed adrenal function, it was a natural 
corollary that cortisone be used to produce 
“chemical adrenalectomy” in far advanced 
cancer of the breast. The objective results of this 
latter therapy have not been as striking as the 
operative procedures. 

Operative Management. Various technics have 
been employed in bilateral adrenalectomy. Some 
investigators removed both adrenals in one 
operation, others performed total adrenalectomy 
in two stages two weeks apart, and still others 
favor combined bilateral ovariectomy and 
adrenalectomy. Combined therapy, however, 
increased the difficulty in evaluating the effect 
of adrenalectomy alone. The management by 
various investigators of the patient treated by 
adrenalectomy is similar. Preoperatively corti- 
sone, 100 to 200 mg. a day for forty-eight hours, 
is given intramuscularly. On the day of operation 
this is supplemented by intravenous hydrocorti- 
sone. Postoperatively administration of cortisone 
is gradually reduced to a daily maintenance dose 
of 50 mg. This is supplemented by 0.1 mg. of 
fluorohydrocortisone for its salt-retaining effect, 
which substitutes for the added salt intake and 
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administration of DOCA previously employed. 
The usual precautions to be observed in manage- 
ment of an Addisonian patient are followed. 

Results. From the numerous reports of the 
effect of bilateral adrenalectomy for advanced 
cancer of the breast, a review of 400 cases culled 
from the literature has been made. There ap- 
peared to be a definite dissociation between 
subjective and objective improvement. Relief of 
pain and increased feeling of well-being occurred 
in approximately 65 per cent of the patients. 
Objective regressions occurred in 34 per cent. 
The operative mortality rate was 7 per cent. 
Huggins reported thirty-four adrenalectomies 
with objective regressions occurring in 41 per 
cent.”* The initial operative mortality was 5 per 
cent but has recently been reduced to 1.4 per 
cent. In a series of thirty-eight cases of metastatic 
cancer of the breast in women previously cas- 
trated, bilateral adrenalectomy produced ob- 
jective remissions in 45 per cent.*4 The same 
investigators in a later report of seventy patients 
(by Pearson) recorded remissions, including 
arrested disease, in 50 per cent.*° If only objec- 
tive regressions are recorded the regression rate 
was 41 per cent. Similar results are reported by 
Cade.*’ It would appear that the rate of regres- 
sion after bilateral adrenalectomy is similar to 
that following ovariectomy. 

Huggins reported sixty-one patients with com- 
bined adrenalectomy and ovariectomy.** Of 
these 41 per cent had objective regressions. Since 
this figure is identical with that of the series of 
patients treated by adrenalectomy alone, there 
would appear to be no advantage in carrying out 
adrenalectomy in a premenopausal woman who 
had not previously been castrated. 

The quality and type of tumor regressions 
have been similar to those recorded with castra- 
tion and other hormone therapy. Calcification of 
osteolytic lesions, disappearance of skin nodules 
and lymph nodes, disappearance of pulmonary 
lesions and effusions, and decrease in primary 
lesions have been recorded. Patients with hepatic 
metastases have not done well. The mean dura- 
tion of regression has been approximately nine 
months, ** although remissions of more than two 
years have occurred. 

Mechanism of Regressions. The benefits of 
adrenalectomy in women with advanced cancer 
of the breast are considered to be due primarily 
to the removal of another source of endogenous 
estrogenic hormone. It would appear, therefore, 
that cancer of the breast dependent on ovarian 
hormones should respond favorably to adrenal- 
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ectomy. The available data substantiate this. 
Patients who obtain a beneficial response from 
castration usually benefit a second time from 
adrenalectomy.” Patients failing to benefit from 
oophorectomy also fail to respond to adrenal- 
ectomy. Huggins, however, has reported signifi- 
cant regression of mammary cancer in patients 
who did not respond to castration or other 
hormone therapy.** Since androgenic hormones 
accelerate the growth rate of osseous metastases 
in some patients it is not inconceivable that the 
response after adrenalectomy is due in part to the 
removal of this source of endogenous androgenic 
hormone. Adrenalectomy may produce a gen- 
eral hormonal alteration of the tumor environ- 
ment, disturbance of which may be responsible 
for some of the beneficial effects observed. 
Histologic examination of the primary tumor has 
not proved to be reliable in predicting the re- 
sponse to adrenalectomy.**:** Knowledge of the 
response of the premenopausal patient to castra- 
tion provides the best criterion for selection of 
patients for adrenalectomy. 

The failure of bilateral adrenalectomy to 
produce regressions in certain cases and relapse 
following remissions can be explained in part by 
incomplete removal of the adrenal glands or the 
presence of accessory adrenal tissue. 


HYPOPHYSECTOMY 


The pituitary gland apparently has an impor- 
tant role in the control of growth of cancer of the 
breast. In patients who have undergone castra- 
tion for advanced cancer of the breast, an in- 
crease in the size of the pituitary and adrenal 
glands was noted. This hypertrophy may repre- 
sent the source of hormonal agents important in 
the exacerbation of the disease. Certainly specific 
pituitary factors are involved in acceleration or 
maintenance of tumor growth in cancer of the 
breast. Hypophysectomy in rats definitely 
retarded the growth of tumors.?* On administra- 
tion of growth hormone to rats there was an 
increased incidence of neoplasms.?* Growth 
hormone appears to hav<a stimulating effect on 
tumor growth in man. The administration of 
growth hormone to patients with advanced 
cancer of the breast and cancer of the prostate 
has produced an apparent increase in the 
growth rate of the disease. *°-*! 

It has been postulated that the ameliorative 
effects of administration of massive doses of sex 
hormones in patients with cancer of the breast 
may be due to depression of pituitary function. *” 
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Cancer of the breast has not been observed in 
association with Simmond’s disease. Attempts to 
produce complete pituitary suppression by radia- 
tion having failed, total surgical hypophysectomy 
has been employed in an attempt to control 
metastatic cancer of the breast. 

Operative Management. Preoperative manage- 
ment consists of the administration of 200 mg. 
of intramuscular cortisone daily for forty-eight 
hours. The morning of the operation an addi- 
tional 100 mg. is given orally. The operation 
requires the skill of an experienced neurosurgeon. 
A craniotomy is performed. Peyton* carries out 
an excision of the anterior medial portion of the 
right frontal lobe, providing a wide exposure 
of the sella turcica. Other neurosurgeons have 
retracted the frontal lobe. This would appear to 
increase the possibility of postoperative cerebral 
edema and convulsions. The hypophyseal stalk is 
divided and the pituitary gland removed. Post- 
operatively, cortisone requirements are the 
same as after adrenalectomy. Thyroid, 120 mg., 
is given in addition after recovery from the 
operation. Diabetes insipidus occurs in approxi- 
mately one-half of the patients. Half of these 
require nasal pitressin powder to regulate the 
excessive polyuria. This has not been a difficult 
problem. As a rule no salt-retaining hormone or 
additional salt in the diet is required by these 
patients unless tumor has invaded and destroyed 
the adrenal glands. The operative morbidity and 
mortality is comparable to that of bilateral 
adrenalectomy. 

Results. The benefits from surgical hypoph- 
ysectomy have been similar to those following 
ovariectomy or adrenalectomy. Calcification of 
osteolytic lesions, regression of primary lesions, 
disappearance of lymph nodes and skin nodules, 
decrease in size of pulmonary lesions and im- 
provement of hepatic metastases have been re- 
ported. The experience with hypophysectomy 
to date is still small. Luft and Olivecrona have 
performed fifty operations for cancer of the 
breast.** Subjective and objective improvement 
occurred in twenty patients (40 per cent). 
This series was unselected. Pearson et al. re- 
ported seventy-four patients, in thirty-six of 
whom “‘remissions”’ occurred. *® Of these twenty- 
eight had objective regressions (38 per cent) and 
eight had apparent arrest of the disease. Eleven 
patients of this series had previously had ovari- 
ectomy and bilateral adrenalectomy. Ten of 
these had regression following adrenalectomy. 
Four of this group responded to hypophysec- 
tomy. Kennedy et al. have studied twenty- 
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eight selected patients.*® Objective regressions 
occurred in eighteen patients (64 per cent) and 
two additional patients had metabolic remis- 
sions. The average duration of regression in the 
latter two series was 7.2+ and 7.6+ months, 
respectively. 

Mechanism of Effect of Hypophysectomy. Hy- 
pophysectomy provides another means of altering 
the metabolic status of the patient. Removal of 
the pituitary gland eliminates some of the stimu- 
lating factors of cancer of the breast. In the 
patient with intact ovaries or adrenal glands 
the benefit may be the result of suppression of 
these endocrine glands, comparable to their 
surgical ablation. In addition, removal of the 
pituitary eliminates growth hormone, which 
appears to regulate the growth of cancer of the 
breast. Recovery of function of pituitary rem- 
nants or accessory pharyngeal pituitary tissue 
may account for the eventual reactivation of 
cancer of the breast after hypophysectomy. 

A careful selection of patients for hypophy- 
sectomy is required. It would appear that a 
premenopausal patient with advanced cancer of 
the breast responding to therapeutic castration 
will subsequently respond to hypophysectomy. 
Postmenopausal women who responded to estro- 
genic or androgenic hormone therapy will 
probably undergo a further regression after 
hypophysectomy. Further experience will define 
more critically the role of hypophysectomy in the 
treatment of advanced cancer of the breast. 


CONCLUSIONS 


Alteration of the hormonal status of women 
with advanced cancer of the breast has an in- 
fluence upon this disease. The maintenance and 
growth of the tumor is dependent in part upon 
hormonal factors of the ovaries, adrenal glands 
and pituitary gland. Extirpation of one or all of 
these endocrine organs will temporarily in- 
hibit growth of the cancer in selected patients 
and may be successfully employed as therapy 
in the long-term treatment of cancer of the 
breast. No explanation is available for the failure 
of certain cancers of the breast to respond to such 
therapy, other than the surmise that such tumors 
are not dependent upon hormional factors for 
growth. 

There is no doubt that therapeutic castration 
in premenopausal women with metastatic cancer 
of the breast will produce a beneficial effect in up 
to 45 per cent of the patients treated. Such dis- 
ease is referred to as ovarian-dependent or 
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hormone-sensitive cancer of the breast. The re- 
maining patients as a rule do not respond well to 
other forms of hormone therapy. The role of 
prophylactic castration at the time of radical 
mastectomy is not as clearly defined. Prophy- 
lactic castration would appear to delay the time 
of onset of recurrence of the cancer. There are 
no data to suggest that this procedure increases 
the “‘cure rate”’ of cancer of the breast. Further- 
more, no adequate report is available that 
affords valid comparison of the total survival 
time of patients who have undergone prophy- 
lactic castration with those who have had a 
therapeutic castration when metastases were 
already clinically manifest. Such data are ur- 
gently needed. To date, many investigators 
employ therapeutic castration, since the response 
of the cancer provides the knowledge necessary 
for the subsequent decisions of hormonal 
therapy, ablative or administered. Most pa- 
tients who respond favorably to therapeutic 
castration will subsequently improve following 
adrenalectomy or hypophysectomy. 

Bilateral adrenalectomy in patients with 
advanced cancer of the breast has resulted in 
objective improvement in 30 to 45 per cent of the 
patients so treated. Patients who previously 
responded to therapeutic castration will most 
likely respond to adrenalectomy. The present 
status of this procedure is ambiguous since the 
improvement is no greater than with hypophy- 
sectomy, and management of the patient treated 
by adrenalectomy is difficult. 

The role of hypophysectomy in the treatment 
of advanced cancer of the breast is in the process 
of being defined. Again, premenopausal women 
responding to therapeutic castration and post- 
menopausal women demonstrating improve- 
ment from estrogen or androgen administration 
appear to respond favorably to hypophysectomy. 
Whether hypophysectomy alone can produce an 
effect equal to the sum of ovariectomy, adrenal- 
ectomy and hypophysectomy remains to be de- 
termined. At present hypophysectomy provides 
a further investigative opportunity to determine 
the role of hormones in cancer of the breast. 

Alterations in the growth of cancer of the 
breast may occur spontaneously and account for 
the wide variations in the course of untreated 
cancer of the breast. Destruction by cancer of the 
ovaries, adrenal glands and pituitary gland have 
all been demonstrated with cancer of the breast. 
Such autogenous ablation of these endocrine or- 
gans may explain some of the spontaneous 
variations in the growth of cancer of the breast. 
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Hypophysectomy in the Treatment of 


Malignant Tumors’ 


Lurt, M.D., HERBERT OLIVECRONA, M.D., DENiIs IKKOs, M.D., 
Lars-BerRTIL NILssON, M.D. and HAKAN LJUNGGREN, M.D. 


Stockholm, Sweden 


HE effect of hypophysectomy on the course 

of certain malignant diseases, especially 
metastatic cancer of the breast, has been under 
study in our departments during the past several 
years. Preliminary results have already been 
summarized.'~* In the present report the results 
obtained so far by us and by other groups are 
presented. 

Operative Technic. The technic used was de- 
scribed in detail in 1953.? In brief, after exposure 
of the pituitary region by a frontotemporal ap- 
proach the pituitary stalk is clipped and divided. 
The diaphragm of the sella is incised and the 
gland is then mobilized by blunt dissection and 
removed, usually in pieces, with rongeurs and 
spoons. After controlling hemorrhage the walls 
of the sella are cauterized with Zenker’s solu- 
tion. During the past year sodium hydroxide also 
has been used as a cauterizing agent. 
Management of the Patients. ‘The preoperative 
care of the patients has changed during these 
years, some patients have been operated upon 
without any substitution therapy at all. The 
schedule followed at present consists of the ad- 
ministration of cortisonet in two 100 mg. doses, 
one on the evening of the day before operation 
and the other in the morning of the day of opera- 
tion. Postoperatively, cortisone is given in doses 
of 50 mg. every four hours during the first 
twenty-four hours, then in decreasing doses to 
the maintenance dose of 25 to 50 mg. per day on 
the eighth to fifteenth day. Administration of 
parenteral fluids and electrolytes is adjusted to 
individual needs during the first forty-eight 
hours. By the third day the patients are usually 
taking fluid and food by mouth. 

In the case of patients who have previously 


t The generous supply of steroid hormone prepara- 
tions by Ciba Produkter A.B., Stockholm, is gratefully 
acknowledged. 


undergone adrenalectomy, cortisone is given 
before operation as described, together with two 
10 mg. doses of desoxycorticosterone acetate 
(DCA). During the operation hydrocortisone 
acetate, 100 mg. in one liter of isotonic glucose, 
is given by intravenous drip. The hydrocortisone 
drip is continued postoperatively during the first 
twenty-four hours, the patient receives in all 
about 200 mg. of hydrocortisone. On the second 
day cortisone therapy, 200 to 300 mg. per day is 
begun; these doses are gradually decreased to 
the daily maintenance dose of 50 to 75 mg. 

Thyroid replacement therapy is started during 
the second to third postoperative month after 
tests of thyroid function have been performed. 
The maintenance dose has been 50 to 100 micro- 
grams of thyroxin. 

Case Material. Seventy-five patients with 
malignancy have been subjected to hypoph- 
ysectomy (as of January 1, 1956).f The diag- 
nosis in these patients was as follows: 


Cancer of the female breast 
Previous oophorectomy and adrenalectomy . 
Cancer of the male breast 
Cancer of the prostate 
Chorionic epithelioma 
Cancer of the ovary 
Cancer of the adrenal gland 
Malignant melanoma 
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The effect of hypophysectomy on the course of 
the disease was evaluated on the basis of objec- 
tive criteria, and was classified as: regression, 
arrest and no response. The response was classi- 
fied as: regression when there was a decrease in 
visible (by inspection or on x-ray) or palpable 

} Five patients with cancer of the breast operated on 


by other surgeons and presented in a previous report*® 
are not included. 


* From the Departments of Endocrinology and Neurosurgery of Serafimer-lasarettet, Stockholm, Sweden. Aided by 
grants from the Swedish Cancer Society and Knut and Alice Wallenberg’s Foundation. 
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TABLE I—EXPERIENCES WITH HYPOPHYSECTOMY FOR CANCER 


Disease 


Stud 


References 


12 to 17 


‘ancer of the female breast 
1. No adrenalectomy 
Evaluated | 
2. Previously adrenalectomized and | 
oophorectomized 
Evaluated 


| Present | 

| 
22 


‘ancer of the male breast 
Evaluated 


‘ancer of the prostate 
Evaluated 
Remissions. . . 


Malignant melanoma 
Operated... 
Remissions. . 

Chorionic epithelioma 
Operated 
Remissions......... 

Cancer of the ovary 
Operated 
Remissions 


Cancer of the adrenal 
Operated 
Remissions........ 


Thyroid carcinoma 
Operated... 
Remissions 


Reticulum cell sarcoma 
Operated 
Remissions 


Cancer of the uterus 
Operated 
Remissions 


Sarcoma of the breast 
Operated 
Remissions............ 


* The figures within brackets denote that all patients operated upon were considered. 


metastases, or increased density of previously 
osteolytic bone metastases, without progression of 
any old metastases or appearance of any new 
metastases; arrest when no progression of any 
metastases could be detected and new metastases 
did not appear; negative (no response) when the 


NOVEMBER, 1956 


metastases continued to grow or new metastases 
appeared. Remission of the disease by hypophy- 
sectomy (regression or arrest) was always accom- 
panied by pronounced subjective improvement. 
In some patients in whom the response was objec- 
tively classified as negative there was a more or less 


4and5| 6 | 7/81] 9 | 10 
( 
| 56 (22)*| 18 | 10 | 13 | (25) | (6) 6 197 
32 7 3 110 
| | 
| 
5 | 1 8 
| 
| 0 0 |... 0 | 0 
| | 
2 2 4 
| | | 
| 
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pronounced subjective improvement for rather 
short periods of time, up to five months. The 
remission was considered ended when cancer 
growth recurred, as judged by reappearance of 
pain and/or progression of old metastases or 
appearance of new ones. 

The evaluation of the results is as of June 30, 
1956, thus permitting a minimum time of ob- 
servation of six months. 


RESULTS 


The results obtained by hypophysectomy are 
presented in Table 1. 

Cancer of the Female Breast. Up to June, 
1954, hypophysectomy was performed on all 
patients with metastatic cancer of the breast re- 
ferred to us. Later on, patients with extensive 
liver or brain metastases were rejected. The re- 
sponse to hypophysectomy in the fifty-two pa- 
tients who had not undergone previous adrenal- 
ectomy was as follows: 


Operated 


Not evaluated 
Operative deaths 
Postoperative complications 
No follow-up 
Evaluation not possible 
Evaluated 


Regression 
No response 
Dead within 2 months from progression of 
cancer 


Three of the patients died from causes directly 
connected with the operation. The two fatal 
postoperative complications encountered were 
pulmonary embolism and bronchopneumonia. 
No follow-up studies were available in one pa- 
tient living in a distant country. A second patient 
died from cardiac failure due to coronary 
thrombosis two months after hypophysectomy; 
no signs of progression of the cancer were ob- 
served postoperatively in this case. A third 
patient died in another hospital of adreno- 
cortical insufficiency during the second post- 
operative month. 

The pertinent data in the three cases in which 
evaluation was not possible follow: 


First case: In a forty-three year old woman hy- 
pophysectomy was performed one week after removal 
of a cerebellar metastasis, no other metastases being 


discovered. There was recurrence of the cerebellar 
metastasis seventeen months later; the patient died 
twenty-two months after hypophysectomy. No other 
macroscopic metastases were found at autopsy. 
Second case: A woman seventy-six years old re- 
ceived androgenic hormones after hypophysectomy. 
There was subjective improvement for more than 
seven months and probably increased density of 
skeletal metastases. She died ten months after the 
operation. Administration of androgens during the 
immediate preoperative period was without effect. 
Third case: This was a forty-eight year old woman 
who received one implantation of 500 mg. of testos- 
terone propionate in the second postoperative 
month. There was remarkable subjective improve- 
ment lasting twenty-six months. Skeletal x-rays one 
year postoperatively demonstrated extensive calcifica- 
tion of previously osteoplastic and osteolytic metas- 
tases; however, one year later new osteolytic metastatic 
lesions were visible. She died thirty-three months after 
hypophysectomy, of progression of her cancer. 


Data on the forty-one cases in which results 
were evaluated are presented in Table u. In 
twenty-two of these (54 per cent), hypophysec- 
tomy induced a remission, regression in sixteen 
and arrest in six. In nineteen cases no response 
was observed. Three of the latter patients died of 
cancer within the first two postoperative 
months; they all had extensive metastases, in- 
volving the liver in three and the brain in two. 
The survival time was so short in these cases that 
there was probably no time for any response to 
the operation. 

The duration of remission was as follows: 


| Still in 
| No. | Range | Mean Remission 
Cases | (months)) (months) (no. cases) 
| 


14.1+ | 
7.7+ 

Regression. . . 16.4+ 

Cases operated 
before July 


16.5+ 


In the group of patients with remission, and 
with a postoperative observation period of at 
least two years, only one is still in remission. ‘The 
results in this group indicate that the duration of 
remission induced by hypophysectomy was ap- 
proximately seventeen months. 

The significance of certain factors on the re- 
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sponse to hypophysectomy will now be con- 
sidered. Because of the limited number of cases 
only tentative conclusions are possible. 

The relation between menstruation and response 
to hypophysectomy was as follows: 


| 
Oper- | Remis- | No 
ated | sion | Response 


Premenopausal 
Artificial menopause (hor- 
monal, x-ray, surgical)... 
Postmenopausal 
5-10 years 
>10 years 
Unknown (extirpation of 


These findings suggest that in postmenopausal 
women the chances of a beneficial effect of 
hypophysectomy are less the longer the duration 
of the postmenopausal period. 

The effect of the age of the patients at opera- 
tion on the response to hypophysectomy was as 
follows: 


Age 


ee Operated | Remission | No Response 
(years) 


It thus seems that women more than sixty years 
of age probably will not respond to hypoph- 
ysectomy. In this age group all patients were 
postmenopausal for ten years or longer. 

The effect of the duration of the disease (time 
interval between first sign of cancer of the breast 
and hypophysectomy) was: 


| | 
| 


Duration 


(months) Remission 


Operated No Response 


| 
| 
| 
| 
| 
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Eight of the forty-one patients in whom the 
results could be evaluated had brain and/or 
extensive liver metastases. Remission was ob- 
tained only in two of these. (Table 1.) 

As to the relation between the effect of previous 
hormonal treatment and the response to hypoph- 
ysectomy, no data can be given. Such treat- 
ment had been tried in many cases but in most 
instances together with irradiation. 

In twelve patients (Nos. 2,3,4,6,16,17,18,25, 
28,32,34,46) androgens, usually in a dose of 
50 mg. per day, were given when remission 
ended or when no remission was obtained. This 
treatment did not influence the course of the 
disease in any case, neither did it cause any 
remarkable subjective improvement. 

Three patients who had undergone previous 
oophorectomy and adrenalectomy were sub- 
jected to hypophysectomy.* All three had very 
extensive metastases including involvement of 
the liver and died of cancer thirteen, twenty-two 
and 40 days after the operation. These data 
do not permit evaluation. 

Cancer of the Male Breast. Hypophysectomy 
was performed on two patients with metastatic 
cancer of the breast. Regression was obtained in 
both. 


First case: The patient was born in 1888; cancer 
was diagnosed in 1945. In December, 1952, he re- 
ceived treatment with 200 mg. of stilbestrol daily 
which worsened his condition. At hypophysectomy in 
April, 1953, the patient presented lymph gland and 
very extensive lung metastases. He died thirty-five 
months later of cardiac failure due to pulmonary 
fibrosis. No macroscopic metastatic lesions were ob- 
served at autopsy. 

Second case: A fifty-nine year old man with breast 
cancer since 1948. After hypophysectomy there was 
regression of skeletal and extensive pulmonary metas- 
tases. He is still in remission thirty-two months 
postoperatively. 


Cancer of the Prostate. Of the ten patients 
operated on, three died shortly postoperatively 
from heart failure, bronchopneumonia and 
cerebral thrombosis. The first two were sixty-six 
and sixty-seven years old and very poor opera- 
tive risks. The pertinent data in the remaining 
seven cases are summarized in Table m1. 

Remission of the disease was observed in five 
of these seven cases, arrest in three and regression 
in two. In two of the cases the arrest was brief, 


* The authors are indebted to Drs. John Hellstrém 
and Curt Frankson for referring these patients to us. 


13 9 4 
10 6 4 
16 6 10 
8 2 6 
6 1 5 
2 1 1 
F 31-40 7 5 2 
51-60 12 9 3 
61-70 5 1 4 
24 11 4 7 
25-48 11 6 5 
49-72 12 7 5 
73 7 5 2 Be 
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TABLE II—RESULTS OF HYPOPHYSECTOMY IN 41 PATIENTS WITH CANCER OF BREAST 


| 
State of 
| Menstrual | 


Cycle 


First 
Symptom 
(date) 


X-ray castra- 
| tion, Janu- 
| ary, 1948 
| 


| June, 1945 


May, 1946 | Menopause, 
| 1940 | 


July, 1948 | Menopause, 
| 195% 
(hormonal) 


| 
| 


October, 
1943 


Menopause 
before 1933 


April, 1950 | Normal 


| Menopause, 
1951 


March, 
1952 


| — 
May, 1950 | Irregular 


February, | Normal 
1951 


November, 
1948 


| Menopause, 
1943 


| December, | Normal 


April, 1950 Menopause, 
| 1944 


September, Menopause, 
1950 1945 


Amenorrhea, 
October, 
1952 
(hormonal) 


| April, 1951 


June, 1948 | Menopause, 
|} 1949 


July, 1950 | Irregular 


October, 
1947 


Menopause, 
1948 


November, | Normal 


1951 


September, | Normal 


1952 


September, | Normal 
1951 


} 
November, | Normal 


1951 


December, | Normal 


1948 | 


May, 1947 | Normal 


Metastases at Hypophysectomy 


Soft | Lungs 
Tis- | and/or 
sues | Pleura 


| Eyes 


Dura- 


| sectomy 


29/52 | Regres- 
sion 

| 

2 | No re- 
sponse | 


tion of 
| Remis- 


| Survival 
(months) | 


Remarks 


(months) 


14/18/52 No re- 
sponse 


No re- 


sponse 


sponse | 
No re- | 
sponse 


10/14/52! Regres- 
sion 


10/22/52) Regres- | 
sion 


2/13/53 | No re- 


sponse 


sponse 


53 | Regres- 23 


| 
sion 


No re- | 
sponse | 


sion 


Regres- 


Died enal 


insufficiency 


ol adr 


Subjective im- 
provement 


five months 
Died of 


ery sipelas 


| 


38+ | Alive, relapse 


Regres- 
sion 


No re- 
sponse 


Subjective im- 
provement 
three months 


No re- 
sponse 


No re- 
sponse 


| 
No re- 
sponse 


10/15/53) Arrest 


Cause of death 
unknown 


Regres- 
sion 


| Alive, in 
| remission 


| 


[11/16/53 
| 


Regres- 
sion 


112/17/53 


| Alive, relapse 
| 
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| 
Date of 
No. | Born | . pophy- | | sion 
ton | 
| | = | = == | 
1 | 1902 P? | | 
| | | 
| 
2 | 1891 | . | | | 
3 1906 + | 
| 
| | | | | 
4 | 1888 | | | | | | ras a | 
5 | 1909 | res | i+] +] | | | 
| 
| 
| 1913. 3/25/53 Regres- 13 21 
10 | 1913 = gr 
an | | + 4/17/53 No re- 10 
| 
| | a 
12 | 1396 | | .. |4/22/ 
13 | 1914 | | | | | | 
| | | 
“45 + | +] .. | + 15/8/53 | 15 | 22 
15 | 1902 _— | +f | | | 
“46 | 1903 | re ) 
16 | 1903 + ez | | | 
| | | | | | 
| | | + 5/8/53 | 2 
17 | 1905 | | | | | i | 
18 | + | | | 
21 ime +- | | | | 
22 | 1910 | | i | 
| | 
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TABLE 1 (Continued) 


Metastases at Hypophysectomy 
, Dura- 
Date of 
First State of = | Hy- tion of Survival 
3orn | Symptom | Menstrual ; Effect | Remis- (months) Remarks 
(date) |} sion 
|(months) 


pophy- 
Brain | Liver | Eyes | sectomy 


June, 1949 | Menopause, 2/17/53) No re- Subjective im- 
1942 | sponse provement 
three to four 


February, X-ray castra- | - .. |2/24/54 | Regres- 
1949 tion, Febru- | sion 
| ary, 1953 


| January, Menopause, 5 Arrest 


Amenorrhea, - ; 6/15/54 | Arrest 
November, 

1953 

(hormonal) 


tration, 

February, 

1954 


June, 1953 | X-ray castra- + 7/14/54 | No re- 
} ton, sponse 
October, 
1953 


February, Menopause, 11/4/54 | Regres- Alive, in 
1946 | sion remission 


11/18/54] Regres- Died after 
1952 } sion laparatomy 
while in 


| Normal 12/6/54 | Regres- 
| sion | 


January, Uterus extir- 12/20, 54| No re- 
1949 pation, 1941 | | | | | | sponse | 


December, | Menopause, 55 | No re- 
1953 | 1938 | sponse 


June, 1952 | X-ray castra- a 
tion, July, | sponse | 
1954 


April, 1955 | Normal 22/55 | Regres- Alive, in 
sion remission 


| X-ray castra- | .. [6/29/55 |Nore- | .... Alive 


tion, June, | | sponse | 
| 1953 | 


| June, 1953 


May, 1943 Menopause, | + we / No re- Alive 
| 1952 | sponse 


| 
January, Surgical cas- |10/21/55) Regres- Alive, in 

1949 | tration, July | sion remission 

| 1954 


1917 | February, X-ray castra- | .. 11/8/55 | Regres- Alive in, 
1950 tion, sion remission 

January, 

1954 


| | 


1890 | October, Menopause, 


111/15/55| Arrest Alive, in 
| 1949 | 1940 | | | remission 


1904 January, Uterus extir- 12, 18/55) Arrest Alive, relapse 


1953 pation, 1942 
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Cane 
I 
| months 
| | 
12 | 25+ | Alive, relapse 
1950 1950 | 
1 March, | 9 | 17 
1949 | | 
| 
| 
| 
| remission 
1953 
| | 
40 
| | | | 
| | | | | | 
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TABLE III—RESULTS OF HYPOPHYSECTOMY IN 7 PATIENTS WITH PROSTATIC CANCER 


Treatment 
Date of 


Operation 


Previous Endocrine 


| Duration 

of Remis- | Survival 
sion (months) | 

(months) 


Date of 
Hypoph- Effect 
ysectomy 


Remarks 


May 1946 


months) 


| 
June 1951 
stilbestrol | 


May 1946 | Castration Good 
April 1950 | Stilbestrol (3 None 


4/9/52 


Castration and | Doubtful 


| Died of pyelo- 
nephritis (while 
in remission) 


1/12/53 Arrest 


Castration 
Stilbestrol (3 
months) 


January 1953 


June 1952 Stilbestrol (3 
months) 


December 1952 Castration 


4/30/54 Regression | 


4/18/54 


| 
26 + | Alive, relapse 


Regression 2 24+ | Alive, in remis 
| sion 


9/8/54 Arrest 


| Died in reiapse 


1947 . | Stilbestrol (4 
months) 


10/4/54 | No effect 


December 1952 
months) 


Stilbestrol (11 | Good 


3/31/55 No effect | Subjective 
ameloriation 


for two months 


two and three months. It is of interest that remis- 
sions were obtained in two cases (Nos. 4 and 5) 
in which previous endocrine treatment was 
without effect. 

Chorionic Epithelioma. Of the two patients who 
underwent hypophysectomy, in one regression 
was observed postoperatively. This case was 
presented in extenso previously.” The second 
patient was a very poor operative risk because 
of extensive pulmonary metastases; she died on 
the fifth postoperative day. 

Other Malignancies. In two patients with wide- 
spread metastatic ovarian cancer and one with 
metastatic cancer of the adrenal cortex, hy- 
pophysectomy did not alter the course of the 
disease. Of the three patients with malignant 
melanoma, one died on the third postoperative 
day and the second three weeks after operation. 
In this latter case, the large cutaneous metastases 
changed markedly a few days before death; the 
previously nodular bluish infiltrations disinte- 
grated and looked like large ecchymoses. The 
third patient with melanoma survived for three 
months without any appreciable change in the 
course of the disease. 

Endocrine Functions after Hypophysectomy. In 
Table 1v data on the functional status of the 
thyroid and adrenal glands after the operation in 
nineteen of the women with cancer of the breast 
are presented. The daily excretion of 17-keto- 


steroids* did not exceed 1.9 mg. when the pa- 
tients were not given substitution therapy, and 
3.5 mg. in the patients receiving cortisone, 
usually 25 mg. per day. In contrast, thyroid 
function as measured by radioiodine* was 
retained in at least nine of the nineteen cases 
(Nos. 7,12,17,21,22,25,31,34,41). The basal met- 
abolic rate did not correlate well with the results 
of the radioiodine studies. These results demon- 
strate that, as judged by thyroid function, hy- 
pophysectomy was not complete in all cases. 
The daily excretion of 17-ketosteroids and 
corticoids* in Cases 14 and 22 after discon- 
tinuation of cortisone substitution therapy is 
shown in Figure 1. Although in both cases 
hypophysectomy was incomplete, as judged by 
radioiodine studies (Table 1v), no increase in the 
excretion of steroids was observed during this 
period. In Case 22, ACTH administered intra- 
venously induced an appreciable increase in the 
excretion of corticosteroids; thus in this case at 
least the adrenals were able to respond to ACTH. 


COMMENTS 
It is generally accepted that estrogens and 
androgens are in many instances associated 


* 17-ketosteroids were measured according to Wester- 
gaard!* and corticosteroids according to Norymberski.!® 
Radioiodine studies were performed according to Clark 
et al.?° and Berson et al.*! 
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Case 
No. | Born | Symptom 
| | Type Effect 
| | 7 | | 
2 | 1893 | 
| | | 
; | 1892 | 1951 Ed Good | 8 
Good | 
| | | | 
|)? | 
5 | 1895 | None 3 
6 1886 None | ie 3 
| | | | 
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with the growth of cancer of the breast and 
prostate in man. This view is based on the remis- 
sions obtained in such cases by sex hormone 
control, such as elimination of estrogens or 
androgens from the body. For such control, 
castration and/or adrenalectomy have been used 


TABLE IV—EFFECTS OF HYPOPHYSECTOMY ON 
THYROID AND ADRENAL FUNCTION 


Radioiodine 


Urinary Basal 

17-keto-| Meta- | Thy- 

steroids bolic | roid 
mg./ | Rate | Clear- | 

24 hr.) (%) 


Conversion 
Case 


24 | 
No 


439 
40 
41 


5 
7 
4 
1.5 
2 
8 


o 


29 


* Italicized figures represent measurements from patients receiving 
cortisone, 25 mg. per twenty-four hours. 


with good results.**-?* On the other hand, there 
is—in addition to experimental evidence—also 
clinical evidence which suggests that pituitary 
hormones influence the growth of these malig- 
nancies by routes other than by way of the 
steroid hormones. Thus administration of estro- 
gens in women with cancer of the breast induces 
remission in 30% of postmenopausal women 
and even in some premenopausal women.?*:*° 

For these reasons hypophysectomy is a rational 
approach in the treatment of metastatic cancer of 
breast and prostate in man. Complete removal 
of the pituitary tissue is followed by cessation of 
secretion of the pituitary hormones and, as a 
result, also of steroid hormones. Thus by a 
single operation complete control of pituitary 
and sex hormones is achieved. 

As to the other malignancies for which hy- 
pophysectomy was tried, no clear rationale can 
be given; the operation was undertaken mostly 
for investigative purposes. 
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The present results demonstrate that hypoph- 
ysectomy may induce remission in metastatic 
cancer of the breast. The percentage of remissions 
so obtained was 54 per cent of the evaluated 
cases. The data in the literature* (Table 1) indi- 
cate that about 56 per cent of the evaluated cases 


MG PER 24 HOURS 


CORTICOIDS 
° 


15 20 


CASE 14 


17- KETOSTEROIDS 
MG. PER 24 HOURS 


— 


MG. PER 24 HOURS 


CORTICOIDS 
° 


CASE 22 


17-KETOSTEROIDS 
ind 


| 


MG PER 24 HOURS 


10 15 20 
DAYS AFTER DISCONTINUATION 
OF CORTISONE 


Fic. 1. Urinary excretion of 17-ketosteroids and corticoids 
in two incompletely hypophysectomized patients with 
cancer of the breast after discontinuation of cortisone 
substitution therapy. 


responded favorably to hypophysectomy. This 
figure is higher than the percentage of remissions 
after adrenalectomy plus oophorectomy (45 per 
cent, see Pearson‘). However, it cannot yet be 
stated with certainty that hypophysectomy in- 
duces remission in a higher percentage of cases 
than adrenalectomy or combined adrenalectomy 
and oophorectomy. The figures cited for both 
groups of results are based on data collected by 
different authors, and some groups of cases are 
selected ones. It is of special interest that Pearson 
et al.* reported remissions after hypophysectomy 
in patients who had undergone previous oopho- 
rectomy and adrenalectomy. These authors 
consider the possibility that this beneficial effect 
might depend on the elimination by hypophy- 
sectomy of steroid production in aberrant 
adrenocortical tissue. It seems probable how- 


* The results reported by some authors*!*? could not 
be evaluated. 


| 
| 
\ 
| 
(%) PBI-131 \ 
Up- | (%) 
(ml./ | 48 Hr. 1 
l -- 43 
| —22 20 | 30 | 8 4] .... 
14 20 | <1 13 i \ 
—23 17 50 | | 10 15 20 
1 3 | 15 0.2 
—16 | 2 | . . . 
9 | | 0 0 | 0 /\ 
‘ { - 26 1 | 48 > | 66 
14 | 10 0 0 
? —19 | 0 0 | 0 0 5 
31 | 10 0.01 
P 27 0 6 6 | 26 | 0.02 
-22 0 | 0 0 
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ever, that the cortisone substitution therapy 
customary after adrenalectomy would not per- 
mit hormone production in this aberrant tissue. 

In the present series the remission induced by 
hypophysectomy lasted longer than that after 
oophorectomy and/or adrenalectomy; the mean 


CASE 22 


CORTICOIDS 
17-KETOSTEROIDS 


ACTH 


— 


8 16 24 8 16 24 8 16 24 “HOURS 
1 2 3 4 “DAYS 
Fic. 2. Response to intravenous ACTH in an incom- 


pletely hypophysectomized patient (25 mg. of ACTH 
between 8 a.m. and 4 p.m. on the second and third days). 


duration of remission was approximately seven- 
teen months as compared to nine months.‘ 
Again, for the reasons already mentioned the 
available data cannot be taken as conclusive. 

Our experience and that of other authors with 
other malignancies (Table 1) is limited. Hypoph- 
ysectomy has induced remissions in cancer of 
the prostate and probably in one case of 
chorionic epithelioma. 

Previous to 1951 only isolated attempts to 
remove or destroy the hypophysis had been 
reported.**-** Since then hypophysectomy has 
been employed in several series of cases. (Table 
1.) Complete destruction of the hypophysis has 
been attempted by the following methods: 


Surgical: Frontotemporal approach? 
Frontal approach!?:*7.8 
Transnasal approach*’ 
Transantral approach*’:** 

Radiation: External*® 

Local 

Electrocoagulation:* 


In the present series hypophysectomy was in- 
complete in a significant number of cases, as 
judged by the radioiodine tests. Minute histo- 
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logic examination of the sella turcica in twenty- 
six cases, by serial sectioning, showed that 
anatomically complete removal of the hypoph- 
ysis had been accomplished only in a few 
instances, and that in most of the cases pituitary 
cells were present, usually in small amounts. 
Pearson et al.*° found pituitary remnants in two 
of eleven cases in which serial sectioning was per- 
formed (for the other groups of cases in Table 1 
no detailed data on the completeness of the oper- 
ation are available). It is too early to determine 
which of the methods employed will give com- 
plete anatomic removal or destruction of the 
hypophysis in all or most of the cases. * 

Different criteria are used to evaluate the 
completeness of hypophysectomy during life. It 
is obvious that persistence of measurable 
amounts of pituitary hormones and/or mainte- 
nance of pituitary-conditioned functions of pe- 
ripheral endocrine glands excludes complete 
hypophysectomy.t Whether functionally com- 
plete hypophysectomy requires complete ana- 
tomic removal cannot be stated at present. 

The important question whether or not com- 
plete hypophysectomy in all cases would give 
improved results in respect to percentage and 
duration of remission cannot be answered. We 
have observed remission in patients who were 
incompletely hypophysectomized (Nos. 7,12,21, 

2,25,41 in Tables m and mm) as judged by radio- 
iodine tests, the last patient having been 
postmenopausal for ten years. 

The finding in Case 22 that urinary excretion 
of steroids did not increase with time after 
discontinuance of cortisone administration (Fig. 
1), although the adrenal cortex was able to 
respond to ACTH (Fig. 2), raises the question 
whether or not hypophysectomy incomplete with 
respect to thyroid function is functionally in- 
complete in respect to other pituitary hormones. 

The important question, which patients with 
cancer of the breast or prostate may be expected 
to benefit by hypophysectomy, cannot yet be 
answered. In the case of cancer of the breast, it 


* Ténnis et al.*! discuss the possibility that extrasellar 
pituitary tissue might take over pituitary functions when 
the pituitary tissue in the sella has been destroyed. If this 
suggestion is correct complete hypophysectomy cannot be 
achieved by the procedure employed. 

T The necessity for cortisone substitution therapy after 
hypophysectomy makes it difficult to evaluate adreno- 
cortical function. Moreover, functional tests performed 
shortly after hypophysectomy might be misleading since 
the remaining pituitary tissue might not have had enough 
time to restore and/or increase its functional capacity. 
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seems at present that the course of the disease in 
patients with brain and/or extensive liver metas- 
tases, above sixty years of age (our data), and 
those who did not respond to other forms of 
endocrine treatment® most probably will not be 
altered by hypophysectomy. 

The value of hypophysectomy in the treat- 
ment of malignancies and especially of meta- 
static cancer of the breast and prostate cannot 
be established before a large enough series of 
patients with anatomically complete hypoph- 
ysectomy is available. The results obtained so 
far in metastatic cancer of the breast demonstrate 
that hypophysectomy is at least as good as other 
forms of endocrine treatment of this malignancy. 


CONCLUSIONS 


Hypophysectomy was performed in seventy- 
five patients with metastatic malignancies. 

Remission was induced in twenty-two of 
forty-one cases of metastatic cancer of the breast 
in women, the mean duration of the remission 
being approximately seventeen months. From 
the data in literature it would appear that hy- 
pophysectomy induced remission in 110 of 197 
such cases (56 per cent). 

Remissions were obtained by this procedure in 
both of two men with metastatic cancer of the 
breast, in five of seven cases of metastatic cancer 
of the prostate, and apparently in one of two 
cases of chorionic epithelioma. 
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Clinical Studies 


The Cytotoxic Action of Carcinolytic 


Agents in Tissue Culture’ 


Harry EAGLE, M.D. and GeorGE E. FOLeEy, sc.D. 


Bethesda, Maryland 


ELINEATION of the specific amino acid, salt 
D and vitamin requirements of a mouse 
fibroblast and of a human carcinoma cell'~® 
permitted the propagation of these cells in a 
medium containing only demonstrably essential 
growth factors, in which the omission of a single 
amino acid or vitamin, of glucose or serum 
protein resulted in cessation of growth and cell 
death. Additional normal and malignant human 
and animal cells have been cultured directly 
from the animal host into media embodying 
these same minimal requirements but supple- 
mented with 10 to 20 per cent whole serum,’~*® 
and a number of previously established cell lines 
have been similarly propagated. 

The ready induction of specific amino acid 
and vitamin deficiencies in such cultures'~‘* 
and their reversal by restoration of the missing 
metabolite suggested that this tissue culture 
system might facilitate the study of carcinolytic 
agents. The many previous approaches to this 
problem have been recently reviewed.'’ Most of 
these studies relate to the effects of various agents 
on tissue explants grown in roller tube cultures, 
either in a plasma clot or in media embodying 
high concentrations of serum and tissue extracts; 
and the effect of the compounds was measured in 
terms of cell morphology or by the area of cell 
migration and growth around the tissue explant. 
The possible advantages of a test system in which 
(1) the cells were grown as a monocellular layer 
directly on a glass surface, (2) the cells were in 
immediate and intimate contact with a relatively 


Boston, Massachusetts 


defined growth medium and (3) the amount of 
actual growth as affected by the agent could be 
determined quantitatively by a simple chemical 
method'! appeared to justify reexamination of 
the problem. 

The present article describes the cytotoxic 


TABLE I 
CELL LINES USED IN PRESENT STUDY 


Code Letter and 


Tissue of Origin 
Source 


Human carcinoma of cervix HeLa (Gey) 
Human epidermoid carcinoma of 
nasopharynx 
Human intestinal epithelium 
(embryonic) G (Henle) 
Human liver T (Chang) 
Mouse adenocarcinoma (“‘sarcoma’’) .| S-180 (Foley) 
Human conjunctiva C (Chang) 
Human monocytic leukemia (buffy 


KB (Eagle) 


J (Osgood J-111) 


action against a variety of normal and malignant 
cell lines of fifteen compounds on which there 
were extensive data with respect to carcinolytic 
action in experimental animals, whole animal 
toxicity and antibacterial action. 


METHODS 


The seven cell lines included in the present study 
are listed in Table 1, and the fifteen compounds are 
shown in Table n. 


* From the section on Experimental Therapeutics, Laboratory of Infectious Diseases, National Institute of Allergy 
and Infectious Diseases, National Institutes of Health, Public Health Service, U. S. Department of Health, Education, 
and Welfare, Bethesda 14, Maryland; and the Laboratories of Microbiology, The Children’s Cancer Research 
Foundation, and the Department of Pathology, Harvard Medical ‘School, at The Children’s Medical Center, Boston, 
Massachusetts. Supported in part by research grants C-2782 and C-937 to The Children’s Cancer Research Foundation 
from the National Cancer Institute of the National Institutes of Health, United States Public Health Service. Presented 
in part before the 47th Annual Meeting of the American Association for Cancer Research, Inc., April 13, 1956, at 


Atlantic City, New Jersey. 
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TABLE 1 
COMPOUNDS STUDIED FOR CYTOTOXICITY IN TISSUE CULTURE 


Compound | 


No. 


Trivial Name ae of 


ample* 


Lot Number | 


Aminopterin 
Amethopterin 
Bremfol 
Amino alanfol 
An-fol-A 
Amino anfol 
Azaserine 
Stylomycin 


7-8942 
7-8514 
7-7469A 
7-8686 
236X34-6V 
7-8340 


CNA U WD — 


AN32187 
1687-C-41A 
7-5440 
7-8940 
50-63 

PL 161 1/C 


6-MP 

JF-5 

TEM 
Thio-TEPA 
Daraprim 
D-54-HCl 


D-69-HCl 


HK 31 B/B 


| | 
| 


Chemical Name 


7-7491 | 4-Aminopteroylglutamic acid 

7-8528 | 4-Amino-N?°-methylpteroylglutamic acid 

| Pteroyl-9-methylglutamic acid 
4-Aminopteroyl-pL-a-alanine 

Pteroylaspartic acid 

4-Aminopteroylaspartic acid 

o-Diazoacetyl-L-serine 


deoxy-D-ribosyl)-purine 


6-Mercaptopurine 

Actinomycin D 

N’,N’,N”’-Triethylenemelamine 
N’,N’,N”’-Triethylenethiophosphoramide 

| 2,4-Diamino-5-(p-chlorophenyl)-6-ethylpyrimidine 

| dimethyl-s-triazine 

| 
s-triazine 


* 1, Lederle Laboratories Division, American Cyanamid Co., Pearl River, N. Y. 


2, Parke, Davis & Co., Detroit, Michigan. 


3, Burroughs Wellcome Laboratories, Tuckahoe, N. Y. 
4, Children’s Cancer Research Foundation, Boston, Mass. 


Stock cultures of the various cell lines were grown as 
an adherent layer in 1 L. Blake bottles in the basal 
medium previously described.1~* This medium em- 
bodied the thirteen essential amino acids, seven 
essential vitamins, salts and glucose, each in a con- 
centration optimal for the growth of the HeLa cells, 
and was supplemented with 10 per cent human serum 
in the case of the human cell lines and 5 to 10 per cent 
horse serum in the case of the two mouse cell lines. 
When the cultures in the bottles were fully grown, the 
15 to 40 million-cell harvest was collected by scraping 
with a rubber policeman, emulsified with a pipet, 
counted and inoculated into flat T-15 flasks!!* in a 
volume of 2 to 3 ml. per flask containing approxi- 
mately 200,000 cells. In one of the two cooperating 
laboratories some of the cell lines, KB and T, (Table 1) 
were harvested by trypsinization. Commercial 
trypsin (difco 1:250) was added to fresh growth 
medium to a final concentration of 0.125 per cent. 
When this was layered over the cells they came off 
the glass in one to three minutes at 37°c. After gentle 
emulsification and centrifugation at 200 to 500 r.p.m., 
the cells were resuspended in fresh medium, counted 
and the necessary dilution planted at approximately 
200,000 cells per flask. 

Varying amounts of the compound under test were 
added to 100 ml. portions of the same basal-serum 
medium, the final concentration varying in half-log 
steps from 10 mM down to 0.000001 mM. Twenty- 
four hours after the cells had been planted, three 


flasks were washed and the protein content of the 
adherent cells determined" as a zero-time base line. 
Two or three flasks of each cell line were fed with each 
of the feeding solutions containing varying concen- 
trations of the compound under study. The same fluid 
was replaced after two, four, five and six days at 37°c. 
and the experiment was terminated on the fifth to 
eighth day at which time the flasks were washed and 
their protein contents determined." 

The microbiologic activity of these compounds 
(Table vm) was assayed in Streptococcus fecalis— 
and Lactobacillus casei-PGA bioassay systems.'* 
Each compound was titrated in the presence of the 
minimal concentration of PGA supporting maximal 
growth in each test system, and optical density at 650 
my was read after twenty-four or forty-eight hours 
incubation at 37°c. Appropriate medium and 
metabolite controls were included with each assay. 
The 50 per cent minimal inhibiting dose’ was inter- 
polated from these data and the antifolic activity was 
expressed relative to that of crude ““X-methyl-PGA”’ 
in the same 


EXPERIMENTAL DATA 


The microscopic appearance of a test series 
(S-180 vs. D-54 dihydrotriazine) forty-eight and 
ninety-six hours after the addition of the com- 
pound is illustrated in Figure 1. An experiment 
with amethopterin tested against three different 
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Fic. 1. The progressive cytotoxic effect of a dihydrotriazine (D-54.HCl) on S-180 in tissue 
culture. Forty-eight hours: (a) control, normal growth; (b) D-54 at 3 K 10-® mM; (c) D-54at 
3 X 10-* mM. Ninety-six hours: (d) control, normal growth; (e) D-54 at 3 10~-* mM; (f) D-54 


at 3 X mM. 


cell lines in each of two laboratories is sum- 
marized in Table m. The consistent results 
obtained with cell lines which varied widely with 
respect to the tissue of origin are particularly to 
be noted, and are further evidenced in Figure 2, 
in which similar experiments with four differ- 
ent compounds are summarized. (For purposes 
of clarity the figure shows the results with three 
cell lines only.) The wide differences in the cyto- 
toxicity of the compounds, ranging from absence 
of an effect at 1 mM in the case of bremfol to 90 
per cent inhibition of growth with aminopterin 
at 0.00001 mM, are evident in this figure as is the 
essentially uniform susceptibility of all the cell 
lines to a given agent. 

The IDs50* of each compound against each cell 


* Concentration which caused a 50 per cent inhibition 
of growth. (Fig. 2 and Table m.) 
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line is given in Table rv; the last column in that 
table lists the relative cytotoxic activity of the 
compounds, expressed as the average reciprocal 
of these IDso levels. The data of Table rv are 
shown graphically in Figure 3 in which the vari- 
ous cell lines are identified by code letters. As 
shown there, Sarcoma 180 had an anomalous 
susceptibility to amino anfol, azaserine and the 
D-69 dihydrotriazine. (Fig. 3.) In general, how- 
ever, the striking aspect of the results was the 
essentially uniform susceptibility of the seven 
lines tested. 


COMMENTS 


Correlations between Cytotoxicity, Carcinolytic Ac- 
tion, Whole Animal Toxicity and Antibacterial Action. 
The compounds studied included thirteen with 
definite carcinolytic activity, either in anixaals or 
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O="HUMAN LEUKEMIA" (OSGOOD 11!) 
@= HUMAN UTERINE CARCINOMA (HELA) 
@= HUMAN INTESTINAL EPITHELIUM (EMBRYONIC) 


“BRE MFOL" 
ACTINOMYCIN 
D 
AZASERINE 
AMINOPTERIN 


10°? Tena 10-4 M 
CONCENTRATION OF INHIBITOR IN MEDIUM 


Fic. 2. The cytotoxic effect of four representative compounds on three human cell 
lines in tissue culture. 


GROWTH AFTER 5-7 DAYS 


(REFERRED TO UNTREATED CONTROL AS 100) 


TABLE I 
THE CYTOTOXICITY OF AMETHOPTERIN AGAINST SIX NORMAL AND MALIGNANT CELL LINES 
IN TISSUE CULTURE 


I , | Concentration of Amethopterin in Test 
Medium, § mM 


Cell Strain * | | i 0 


| | | | 4 


3 X 10-*| | 3 10-5] 10-4 | mM 
| | | 


| Protein, f + 
Cell Protein in Culture after 6 to 7 Days 


Human carcinoma (HeLa). . 2,577 2,495 | 2,679 466 171 | 0.000019 
Human carcinoma (KB)... . 1,090; 1,240 | 712 478 275 | 0.000026 
Human leukemia (J-111)... 2,117} 2,175 |2,077| 465 228 | 0.000019 


Human embryonic intestine 
(G) | 2,350} 2,470 | 2,300 332 102 | 0.000020 


Human liver (T) 1,140 1,065 | 940 565 whaca 0.00003 
Mouse sarcoma (S-180) 1,340 1,280 | 850 335 171 | 0.000015 


* See Table 1. 
+ Approximate number of cells inoculated. 
t Average protein content of 2 or 3 flasks at time of first feeding (24 hrs. after planting) measured with Folin- 


Ciocalteu reagent and expressed in terms of its crystalline bovine albumin equivalent." 
§ Basal medium embodying 13 essential amino acids, 7 essential vitamins, salts and glucose supplemented with 5 


per cent horse serum for S-180, and 10 per cent human serum for the other 6 strains. 
|| By interpolation on semi-log plot. 
AMERICAN JOURNAL OF MEDICINE 


742 
100 
| 
_ 
O 
~ ( ) 
4 


Cytotoxicity of Carcinolytic Agents—FLagle, Foley 743 


TABLE IV 
THE IDs9* CONCENTRATIONS OF FIFTEEN COMPOUNDS AGAINST SEVEN CELL LINES IN TISSUE CULTURE 


IDs0 Concentration (mM) of Indicated Compound vs. 


Com- 
pound 


Human 
Con- 
junctiva 


(J-111) (C) 


Human 
Leukemia | 


Human Human 
| Carcinoma | Carcinoma | 


(HeLa) | (KB) 


| 
.0000045| 
.0000028 


0000064 0000061 


. 0000048 


.0000056 .0000125 .0000064 


.000019 . 000026 .000019 


.00018 .00027 .00019 


.00011 . 00019 .00022 


.00022 .00039 


.00024 


.00033 . 00037 


.001 .0016 


.0019 .0018 


.0024 


>1 


.0000024| 


| 
.0000054) 


Average 
“Cytotoxic 
Activity” f 


Human 
| Intestinal | 
| Epithelium | 
| 


Mouse 
Sarcoma 


(S-180) 


.0000048 
.0000043 


0000058 220,000 


. 0000042 .0000064 165,000 


.00003 .000019 


. 000015 


47,000 


.00016 . 000048 6,200 


.00014 .0007 4,200 


.00057 .000056 3,400 


00046 2,700 


.0006 + : 840 
.0021 : 740 
.001 . 00: 490 
.0022 .002 480 
.0078 130 


.005 
.005 120 


>0.1 <10 


>1 <1 


* Millimolar concentration which inhibited growth 50 per cent (see Table m.) Each number in the body of the 
table represents an individual experiment, similar to those of Table m. The italicized figures represent the results of 
experiments performed in laboratory A, the others in laboratory B. 

t Mean reciprocals of the IDspo levels for the six cell lines tested with each compound; because of occasional skew 
values with the S-180 culture, geometric means were calculated throughout. 


man, and two folic acid analogues essentially 
devoid of such activity in vivo.'*-!* The two in- 
active compounds had no effect in tissue culture 
at the highest concentrations used in this study, 
while all thirteen “positive” agents were highly 
cytotoxic. This qualitative correlation is the most 
significant aspect of the present experiments. 
The cytotoxic activity, expressed in terms of the 
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concentration which sufficed to produce a 50 per 
cent inhibition of growth (IDs50), varied 2000- 
fold, from aminopterin with an IDs of 0.0000024 
to 0.0000064 mM, to thio-TEPA which was 
similarly effective at concentrations of 0.005 to 
0.012 mM. 

Cytotoxicity in tissue culture vs. carcinolytic action in 
vivo: Table v lists most of the available data with 


| 
Liver 
| 
| | | | | 
| 
| 
| | | 
14 
| 
| | | 
6 | : .00054 | | 
15 1 2. 
00018 | 
| | | 
| | 
12 012 0096 | .0094 | .0068 | 
MEAT 
| | .0068 | | 
13 01 03 
5 |>0.1 >0.1 \>0.1 
= >1 >1 >1 >1 
| 
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K 
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a 


CYTOTOXIC ACTIVITY 


1 


35) (9 (2 (9 (7) (5) © 4 (2 
COMPOUND (CODE NUMBER) 


Fic. 3. The essentially uniform susceptibility of seven normal and malignant 
cell lines to a number of carcinolytic agents. 


respect to the efficacy of these compounds on 
experimental tumors in vivo. The compounds 
have been separated into two groups: the six folic 
acid analogues in one and the nine miscellaneous 
compounds in the other. In Figure 4 the anti- 
tumor activities of the folic acid analogues have 
been plotted against their relative cytotoxic ac- 
tion in vitro. The high degree of correlation is 
clear from that figure and from Table v. With 
the other nine compounds, however, there was 
no such quantitative correlation. In several 
instances the discrepancies reflected differences 
in the therapeutic response of different tumors to 
a given agent, rather than a qualitative disparity 
between the results in tissue culture and in ani- 
mals. Thus compound D-69 (No. 15) was 
inactive against the S-180 tumor in vivo, but its 
effect against several mouse leukemias was con- 
sistent with its average cytotoxicity in vitro. 
Again, 6-mercaptopurine (No. 9) was inactive 
against a mouse lymphosarcoma in vivo but was 
“normally” active against S-180, L-1210 and a 
miscellany of other solid tumors. Stylomycin 
(No. 8) had minimal activity against S-180 and 
was inactive against the other tumors listed in 
Table v, despite its significant cytotoxicity in 
vitro; but it has been found to have definite 
carcinolytic activity against an experimental 
mammary adenocarcinoma.”? Azaserine (No. 7) 
and thio-TEPA (No. 12) were, however, con- 


siderably more active in vivo than would have 
been anticipated from their cytotoxic action in 
vitro. 

Cytotoxicity in tissue culture vs. whole animal 
toxicity: The correlation between cytotoxicity in 
tissue culture and acute whole animal toxicity is 
shown in Table vr. The overall coefficient of cor- 
relation for the fifteen compounds under study, 
based on relative ranks, was 0.50. If the six folic 
acid analogues were considered separately 
(Table v1 and Figure 5), there was a high degree 
of correlation (0.75) with only an-fol-A® (No. 5) 
showing an abnormally high toxicity in vivo. For 
the remaining nine compounds, however, there 
was no significant correlation (0.05) between 
animal toxicity and cytotoxicity. * The contrast 
in this respect between the antifolic agents and 
the other nine compounds is evident in Figure 5. 

Cytotoxicity in tissue culture vs. antibacterial action: 
Twelve of the fifteen compounds studied were 
tested with respect to their antibacterial action 
against Str. fecalis and Lact. casei. The results 
of these previously reported antifolic assays are 
listed in Table vu in terms of their inhibitory 
activity relative to that of a reference compound 
(crude X-methy] folic acid). Since the antibac- 
terial systems used in these assays were devised 


* With these nine compounds, again unlike the anti- 
folic agents, there was no regular correlation between 
whole animal toxicity and carcinolytic action in vivo. 


AMERICAN JOURNAL OF MEDICINE 


744 
| 
K 
S 
| 
| 


Cytotoxicity of Carcinolytic Agents—Eagle, Foley 


745 


TABLE V 


CORRELATION 


BETWEEN CYTOTOXIC ACTIVITY IN TISSUE CULTURE AND ANTITUMOR ACTIVITY IN VIVO 


“Effective Dose’? against Various Tumors in vivo 


| Range of 1Dse (mM) 
against 6 Different 
Cell Lines in Tissue | 

Culture 


Cc No. 
of Compound Sarcoma 180 
see Table 1) 


| 


mg./kg. Reference | 


cid analogues 


0000024—.0000064 |} 


.000015—.00003 


000056 —.0006 45.0-50.0 


001 003 Negative 


>0.1 Negative 


>1.0 Negative 


.0000054—.0000125 0.075 


000048 —.00027 200 .0 


.00011 0007 | 200.0 


.00018 0007 Negative 


0006 0021 
00027 


0022 


.0013 -. 0030 


012 


.0048 -.01 


Mouse Leukemia * 


m 


| 0.225-0.5 | 


3 


25 


25. 
150. 


Negative 


0 


25. 


Negative 


50 


Mouse 
Lymphosarcoma 


g./kg. | Reference | mg./kg. | Reference Reference 


18 


0 | 18,27,33 | 1.5-2.0 


.0 
0 


Q 


.075 


0 


.0 


18,27,34 0 27,29-32 


5S. 


18,27,34 


| Negative 


Negative 


* L-1210, C-1498 or P-1534 
primarily for the detection of antifolic activity, 
the compounds have again been considered in two 
groups: the six folic acid analogues, all of which 
were synthetized with that activity in mind, and 
the remaining nine compounds. As seen in Table 
vu, in the antifolic series there was a high degree 
of correlation between cytotoxic activity in tissue 
culture and antibacterial action. With the mis- 
cellaneous group of compounds, however, there 
was no significant correlation between cyto- 
toxicity and antibacterial action, presumably 
indicative of the fact that the cytotoxicity of these 
compounds was not regularly due to their anti- 
folic activity. 

The failure of the antitumor activity of these 
miscellaneous compounds to relate to their anti- 
folic activity is not surprising. It remains to be 
seen whether a more generalized antibacterial 
system can be devised which in a heterogeneous 
group of compounds would show a satisfactory 
correlation with either carcinolytic action in vivo 
or cytotoxic activity zn vitro. 
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General considerations: In the six folic acid 
analogues included in the present series there was 
a highly satisfactory correlation between cyto- 
toxicity in tissue culture, whole animal toxicity, 
carcinolytic activity and antibacterial action in a 
test system devised for the detection of antifolic 
activity. One may reasonably conclude that with 
these six compounds, all four of these effects are 
determined by and are quantitatively related to 
their antifolic activity. 

With the remaining nine compounds, how- 
ever, there was no regular quantitative cor- 
relation between cytotoxic action in tissue cul- 
ture and either carcinolytic action in vivo, acute 
toxicity in mice or antibacterial action in a folic 
acid test system. 

The Equal Susceptibility to Carcinolytic Agents of 
Normal and Malignant Cells in Tissue Culture. One 
of the most interesting aspects of the data re- 
ported herein is the paradoxic observation that 
cell lines deriving from normal and malignant 
tissues were more or less equally susceptible to a 


| 
| 
| 
| | 
I 
| 
1.5-2.0 18-21 | 28 | 0.75- 8.0| 27,28,30, 
32 
18 18 0.075 ia 
1322 | | 18,22 | 
is | 18 | 
| | 
25.0 18,23-25 | 25.0 | 18,26 
5.0 21 |} 2.0 -8.0 
50.0 21 | 40.0 28 25.0-50.0 | 28-32 
? | 2.5 18 | 
108 21 75.0 18,27 28 Negative | 28-32 
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given agent (Fig. 2) despite the fact that with the 
antifolic agents this cytotoxic effect quantita- 
tively paralleled carcinolytic action in vivo. 
(Fig. 4 and Table v.) The question therefore 
arises as to the basis for the selective action of 
these agents on tumors in vivo. One possibility is 


10,000 + 
O-S-!80 


@- Mouse LEUKEMIA 
(L-I210,C-1498, P-i534) 


ANTI-TUMOR ACTIVITY IN VIVO 
(RECIPROCAL OF "EFFECTIVE" DOSE IN GM/KG) 


| 
103 104 10> 
CYTOTOXIC ACTIVITY IN TISSUE CULTURE 
(RECIPROCAL OF MILLIMOLAR 


Fic. 4. The correlation between the carcinolytic activity 
in vivo and cytotoxic activity in vitro of six folic acid 
analogues. 


that although the cell lines here studied derived 
originally from normal and malignant tissues, 
after prolonged cultivation zn vitro all the strains 
may have been modified toward a common cell 
type with similar biochemical and _ biologic 
properties. On this thesis it would become neces- 
sary to conclude that all the cells had been 
modified to assume at least some of the character- 
istics of malignant cells, for their susceptibility to 
one group of cytotoxic agents in vitro did parallel 
their therapeutic action in experimental tumors. 
A second possibility is that normal and malig- 
nant cells may be equally vulnerable to these 
agents under conditions of in vitro cultivation, 
when the cells are growing at comparable rates 
in an identical environment. In the host, how- 
ever, their metabolism may be differentially 
modified either qualitatively, quantitatively or 
both; and such selective action as these com- 
pounds possess in vivo may reflect these host- 
imposed differences in metabolic activity. * 


* The bactericidal action of penicillin may be cited as 
a case in point. Jn vitro under conditions of rapid growth 
penicillin is rapidly bactericidal, for example, on 
Streptococcus hemolyticus. Jn vive, however, it is rapidly 
bactericidal at a focus of infection only as long as the 
organisms similarly are in a phase of active growth. 
When the focus of infection becomes ‘‘saturated”’ with 
organisms so that the number of bacteria at that focus 
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The Possible Screening of Carcinolytic Agents in 
Tissue Culture. It is apparent that the tissue cul- 
ture system used in these experiments provides a 
direct experimental approach to the mode of 
action of those agents known to have carcinolytic 
action in vivo. Perhaps of greater immediate 


TABLE VI 
COMPARISON OF ACUTE WHOLE ANIMAL TOXICITY (LD50) 
WITH CYTOTOXIC ACTIVITY IN TISSUE CULTURE 


Acute Toxicity 

Range of in Mice: 
(mM) * against 6 

Different Cell Lines | 


in Tissue Culture 


Code No. | 
of Compound 
(see Table 11) 


Analogues of PGA: 
.0000064 
.00003 
. 0006 


.0000054-. 
.000048 


* See Table tv. 

Tt Mouse toxicity data obtained with same lot of compound used for 
cytotoxic studies in tissue culture. 

t Oral dose; all other injected intraperitoneally. 


importance, however, is the possibility that the 
tissue culture technic may serve as a simple 
screening method for the detection of carcinolytic 
agents. * Technically, the procedure is simpler, 
more reproducible and more easily quantitated 
than is the evaluation of these agents against 


stabilizes, they then become paradoxically resistant to the 
bactericidal action of the drug.*’ If the carcinolytic ac- 
tivity of some of these compounds is similarly dependent 
upon metabolic activity, then a cell growing rapidly 
in vivo could be correspondingly more susceptible. 

* One consideration deserves emphasis in this connec- 
tion. The carcinolytic agents now available have only 
limited usefulness in man, those limits imposed in large 
part by their toxicity. Whether the hoped for selective 
agents which act primarily on the tumor cell will be un- 
covered by the “rational” screening of compounds 
designed to have a specific metabolic effect, by ‘‘ara- 
tional” random screening, or whether a more satisfactory 
treatment of cancer will evolve from basic studies on, for 
example, the nutrition and metabolism of normal and 
tumor tissue, is conjectural. However, if compounds 
are to be screened for carcinolytic activity, the use of 
normal and malignant human cells in tissue culture as a 
test object may provide a useful adjunct technic. 
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O 
| 
100 | A a 
Refer- 
mg./kg 
} 4 | 
3.6 
89.0 
| 225.0 3 
& 4 001 —.003 | 1000-+- 367 
5 >0.1 | 220.0 36 
3 | >1.0 1000+ 36 
Other compounds: | 
10 | 0.67-0.74 38 
14 00027 | 520.0 3 
8 | 00011 -.0007 | 422.0 
15 .00018 -.0007 | 220.0 3¢ 
11 .0006 -.0021 | 2:2 40 
7 | .00027 -.0022 | 254.0 
9 .0013 ~-.0030 227 .0 41 
12 | .005 -.012 606.0 
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animal tumors; and if it could be used as a pri- 
mary screen, reserving the more cumbersome 
and more costly animal technic for those com- 
pounds found to be effective in vitro, a large scale 
screening survey would be materially facilitated. 
Two questions must, however, be answered in a 


TABLE Vi 
COMPARISON OF CYTOTOXIC ACTIVITY IN TISSUE CULTURE 
WITH INHIBITORY ACTIVITY IN BACTERIAL FOLIC 
ACID-BIOASSAY SYSTEMS 


Relative Activity in PGA 
Bioassay Systems vs. 
Mean 
Cytotoxic 
Activity in 
Tissue 
Culture * 


Code No. 


of Compound 
Lacto- 


bacillus 
Casei 


| 

| 

see Table u | Strepto- 

|} coccus Refer- | 
Fecalis | ence 
| 


8043¢ | | 


Analogues o 


220,000 
47,000 
3,400 
490 

10 

1 


Other com- 
pounds 
1 165,000 
6,200 
4,200 00015) 
2,700 
840 .00015) 3 
740 | 0.0015 | 
480 | 0015 
130 .00015 
120 


* See Table rv. 

t Referred to similar activity of X-methyl-folic acid as one!5~i? and 
based on IDse concentrations 

t American Type Culture Collection numbers. 


much larger series of compounds than have been 
studied here: (1) what is the incidence of false 
negative reactions, that is, how many compounds 
with definite carcinolytic activity in vivo would 
be missed by a tissue culture screen; and (2) what 
is the incidence of false positives, that is, how 
many compounds definitely cytotoxic by some 
arbitrary standard would be devoid of car- 
cinolytic activity in vivo. Of these, the former is 
by far the more important. An in vitro technic 
for the detection of chemotherapeutic agents will 
necessarily fail to pick up compounds which are 
in themselves inactive but which are modified 
in vivo to an active form, for example, palu- 
drine,®**:4° and pentavalent arsenicals, and those 
which may act only indirectly by virtue of an 
effect on some locus other than the offending 
cells, for example, hormones and drugs affecting 
blood supply. If, however, it should prove that 
almost every agent which has been uncovered as 
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the result of animal tumor studies would also 
have been detected by a tissue culture screen, it 
would appear that these compounds act directly, 
and serious consideration must then be given to 
the possible usefulness of tissue culture as a 
routine screening method. 


@-Fouic AciD ANALOGUES 
1000  ©- OTHER COMPOUNDS 


Q 


RELATIVE TOXICITY IN WHITE MICE 
(RECIPROCALS OF ACUTE IN GM/AKG) 


105 

CYTOTOXIC ACTIVITY IN TISSUE CULTURE 
(RECIPROCAL OF MILLIMOLAR 1D,,) 


Fic. 5. The correlation between cytotoxic activity and 
whole animal toxicity in fifteen carcinolytic agents. 


If further investigation gives such assurance 
with respect to the incidence of false negatives, 
the question of false positives becomes of second- 
ary importance. Thus if one compound in a 
thousand were actually carcinolytic in vivo, and 
if a tissue culture screen picked up as positive 
that compound as well as nine others which were 
cytotoxic in tissue culture but inactive in vivo, the 
tissue culture screen would nevertheless have 
been effective and worthwhile, for only ten com- 
pounds would then have to be tested in animals 
instead of 1000. 


SUMMARY 


Thirteen compounds known to have anti- 
tumor activity in experimental animals and two 
compounds essentially devoid of such activity 
have been studied with respect to their cyto- 
toxicity in tissue culture against three cell lines 
deriving from normal human tissue, three lines 
deriving from malignant human tissue and one 
culture deriving from a mouse sarcoma. 

1. All thirteen compounds with definite anti- 
tumor activity in vivo were highly cytotoxic in 
vitro, while the two inactive compounds were 
similarly inactive in tissue culture. The cyto- 
toxicity of the thirteen active compounds, 


| 
/ 
/ 
| 
/ 
| 
: 
/ 
/ 7 
/ | 
/ 
/ 
| 
Refer- 
| ence | 
| 
- | 
| —e Od 
76 19.36 | 4,900 36 
1152 19,36 | 10,000 | 36,46 ~ @ : 
45 19,36 2.900 36 
{ | 0.2 19,36 | 120 | 36 
0.6 19,36 390 36 es 
0.01 19.36 10 | 36 
20 4? 
0.5 44 
0 0001 46 
0.9 44 
0.0005 36 
0.005 36,46 
0.0005} 36 
0.5 36,46 
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expressed as the concentration necessary to cause 
a 50 per cent inhibition of growth, varied 2000- 
fold from an average of 0.000005 mM in the case 
of aminopterin to 0.008 in the case of thio- 
TEPA; but in general, a given compound was 
equally active against both normal and malig- 
nant cells. 

2. In the six folic acid analogues there was a 
high degree of correlation between cytotoxicity 
in vitro, carcinolytic activity zn vivo, acute toxicity 
in mice and antibacterial action in a system de- 
signed for the detection of antifolic activity. 
With the remaining miscellaneous compounds, 
however, there was no apparent correlation be- 
tween cytotoxicity in tissue culture and either 
acute toxicity in mice or antibacterial activity in 
the specific assay system used, and the correla- 
tion between cytotoxicity and _ carcinolytic 
activity was qualitative rather than quantitative. 

3. The implications of these data, with par- 
ticular reference to the possible usefulness of 
tissue culture for the screening of carcinolytic 
agents are discussed. 
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Hypercalcemia in Malignant Disease without 


Evidence of Bone Destruction 


CALVIN H. PLimptTon, M.D. and ALFRED GELLHORN, M.D. 
New York, New York 


INCE 1950 we have observed ten patients 
S with hypercalcemia in association with 
malignancy but without evidence of bone de- 
struction. In three of these, removal of the tumor 
was followed by a prompt fall in the serum 
calcium; in one, recurrence of the tumor was 
again associated with hypercalcemia. In seven 
patients no abnormality was found at autopsy in 
the parathyroids, bones or kidneys to account for 
the hypercalcemia. None of these cases presented 
the usual clinical and pathologic causes asso- 
ciated with hypercalcemia. ‘Thus there was no 
evidence for hyperparathyroidism! at operation 
in two patients or at autopsy in seven. There had 
been prolonged immobilization,’ no vitamin D 
intoxication,*** and no excessive ingestion of 
milk and alkali.» There was no evidence for 
multiple myeloma’ or Boeck’s sarcoid.® 

The association of hypercalcemia with meta- 
static malignancy, treated or untreated with hor- 
mones, is usually ascribed to bone metastases. 
Because our cases suggest the presence of mecha- 
nisms for hypercalcemia in addition to those 
already recognized, and because some of the 
more severe symptoms of hypercalcemia are 
displayed, it seems appropriate to report them. 
In the literature two cases have been described 
of a somewhat similar nature to those we are 
reporting. Albright and Reifenstein' described a 
patient with hypernephroma with a large 
metastasis to the sacrum and ilium. The patient 
had hypercalcemia, hypophosphatemia, hyper- 
calcuria and a normal serum alkaline phospha- 
tase. The parathyroid glands were normal on 
exploration. Irradiation of the metastasis caused 
a slight transient fall in the serum calcium. These 
authors raised the question of whether or not the 
tumor produced a_parathyroid-hormone-like 
substance. Another case appeared in the case 
records of the Massachusetts General Hospital.'° 


This was a seventy-four-year-old man with a 
proved but controlled carcinoma of the prostate. 
In this patient a high serum calcium, normal or 
slightly elevated serum phosphorus and an ele- 
vated serum alkaline phosphatase developed. 
X-ray revealed no significant bone lesions. At 
autopsy there was a small localized carcinoma 
of the prostate and a huge hemangiosarcoma of 
the liver. The bones of this patient were normal. 

Recently, Connor, Thomas and Howard!! 
reported two cases of bronchogenic carcinoma 
with hypercalcemia. After resection of the tumor 
the serum calcium fell to normal. They suggest 
that the hypercalcemia was “due to excessive 
bone resorption resulting from substances intro- 
duced into the circulation by the tumors.” This 
is similar to our cases. 

Our cases fall into two groups. Those in whom 
it was possible to diagnose and remove the neo- 
plasm which was associated with the hyper- 
calcemia, and those in whom the neoplastic 
process was either unsuspected or inoperable. 


CASE REPORTS 


Hypercalcemia Associated with Operable Tumors 


Case 1. M. T. (P.H. No. 002475), a forty-eight 
year old woman, was admitted on June 27, 1950 
because of 40 pound weight loss, anorexia and vomit- 
ing of four months’ duration. On examination the 
striking findings were the cachexia and a soft, non- 
tender, multilobular mass arising in the left adnexal 
region and extending halfway up to the umbilicus. She 
was anemic. The erythrocyte sedimentation rate was 
117 mm. in one hour. The urine concentrated to 
1.023 and was negative for albumin, sugar and 
Bence-Jones protein. The urea nitrogen was 16 mg. 
per cent. The serum calcium ranged between 15.7 
and 17.9 mg. per cent, (Fig. 1) with serum phosphorus 
of 2.1 to 3.1 mg. per cent. The serum albumin was 
3.6 gm. per cent and globulin 2.8 gm. per cent. X-ray 


* From the Department of Medicine, Columbia University College of Physicians and Surgeons, and the Presby- 
terian Hospital and Francis Delafield Hospital, New York City. This work was supported in part by an institutional 
grant of the American Cancer Society to the Delafield Hospital. 


75° 


AMERICAN JOURNAL OF MEDICINE 


& 


Hypercalcemia in Malignant Disease—Plimpton, Gellhorn 751 


of the chest was normal. Gastrointestinal x-ray study, 
barium enema and proctoscopy were normal. Skeletal 
survey showed minimal demineralization with no 
changes suggestive of hyperparathyroidism or meta- 
static malignancy. The lamina dura of the teeth was 
intact. The electrocardiogram was normal except for a 
(Q-T interval of 0.28 at a rate of 110. 

It was thought that the patient had hyperpara- 
thyroidism and an ovarian neoplasm. Because of the 
immediate dangers of hypercalcemia it was decided to 
do an exploration of the neck first. This was done un- 
der pentothal,® nitrous oxide, ether and cyclopropane. 
Shortly after induction and before insertion of the 
intratracheal tube, her heart stopped. The chest was 
opened and the heart was found in diastole. It was 
massaged and spontaneous contractions began. It was 
thought safe to continue the operation and explora- 
tion of the neck proceeded uneventfully. Two para- 
thyroid glands on the left and one on the right were 
identified and appeared grossly normal. A small 
0.5 cm. node was removed in the hope that this might 
be an adenoma but on section this proved to be a nor- 
mal lymph node. Because of the previous cardiac 
arrest the sternum was not split. She made an un- 
eventful recovery from these procedures, but there 
was no change in her serum calcium which continued 
to range between 14.1 and 17.9 mg. per cent. It was 
felt that a reasonable effort had been made to ex- 
clude a parathyroid adenoma and that one should 
proceed against the ovarian neoplasm. 

At laparotomy a large multicystic tumor was 
found arising from the pelvis and extending up to the 
umbilicus. No gross metastases were noted. A bilateral 
salpingo—oophorectomy and total hysterectomy were 
done. All of the right ovary could not be removed 
from the pelvis. The histopathologic diagnosis was 
papillary adenocarcinoma of the ovary. Careful search 
did not reveal] parathyroid tissue, teratoma or unusual 
calcification. Tumor tissue was also found in the left 
ovary. The uterus showed no evidence of an estrogen 
effect. Postoperatively the patient did well. Three 
days postoperatively her serum calcium was 11.2 mg. 
per cent. Six days postoperatively it was 10.3 mg. per 
cent and the serum phosphorus was 3.1 mg. per cent. 
The serum alkaline phosphatase showed a transient 
rise to 7.1 Bodansky units (B.U.). Twelve days later 
radiotherapy was initiated to a total tumor dose of 
4300 r. The patient gained sixteen pounds and her 
serum calcium remained at 10.5 mg. per cent with 
phosphorus of 3.4 mg. per cent. Five months after 
the operation she lost a few pounds in weight (serum 
calcium 11.6, phosphorus 2.3 mg. per cent, sedimenta- 
tion rate 110). Six months after the operation a mass 
became palpable in the lower right quadrant, and the 
serum calcium rose to 13.4, then 15.5 mg. per cent, the 
phosphorus to 3.4 mg per cent, then 4.0 mg. per cent 
with spinal fluid calcium 5.4 and phosphorus 1.4 mg. 
per cent. After temporary improvement she began to 
fail and dependent edema and severe abdominal pain 
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developed. The serum calcium then was 16.1 mg. 
per cent. At the patient’s request, she was transferred 
to a hospital nearer her home. Skeletal x-ray studies 
there in July, 1951, failed to reveal bony metastases. 
She died suddenly one week later. Permission for 
autopsy could not be obtained. 
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Hypercalcemia in a patient with ovarian car- 


Case u. E. L. (P. H. No. 830396), a forty-nine 
year old man, was admitted on April 1, 1955 with 
cough and weight loss for nine months and anorexia and 
nausea for three weeks. His past history was essentially 
non-contributory. About three years prior to admis- 
sion he had an episode of painless hematuria, followed 
by ten minutes of agonizing right upper quadrant 
pain. The pain subsided and x-rays at another hospital 
showed no evidence of stones. Although he had no 
further pain, there were in the following two and one- 
half years two other brief episodes of painless hema- 
turia. There was no history of vitamin D intake, nor 
unusual ingestion of milk and alkali. 

Physical examination revealed no abnormality 
other than a non-tender rubbery mass in the right 
upper quadrant which moved only slightly on respira- 
tion. The blood count showed a hemoglobin of 12 gm. 
per cent. The erythrocyte sedimentation rate was 
130 mm. in one hour. The urine concentrated to 
1.013; protein and sugar were absent. Microscopic 
examination showed only 1 to 3 white blood cells. The 
blood urea nitrogen was 13 mg. per cent. The serum 
total protein was 6.8 gm. per cent with albumin of 
4.2 and globulin 2.6 gm. per cent. The serum calcium 
ranged between 12.7 to 14.1 mg. per cent, serum phos- 
phorus varied between 2.6 to 3.4 mg. per cent, and 
the serum alkaline phosphatase 11.4 to 14.1 B.U. The 
serum acid phosphatase was 2.5 Gutman units. After 
being on a diet containing only 150 mg. of calcium 
daily for one week, the twenty-four-hour urinary 
excretion of calcium was 456 mg. Bone marrow aspira- 
tion was normal. X-rays of the chest and skeleton were 
normal, with no signs of metastases or demineraliza- 
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TABLE I 


HYPERCALCEMIA IN 


MALIGNANT DISEASE 


RESPONSE TO OPERATION 


Serum 
Patient | Sex Diagnosis Relation to Operation Calcium 
(mg. %) 


Phosphorus 


| | Eryth- | 

| Alkaline Protein | rocyte 
| Phosphatase | Albumin | Sedimen- | 
(Bodansky | Globulin tation 
Units) (gm. %) | Rate 
(mm./hr.) 


Serum 
Miscellaneous 


Carcinoma ovary Preoperative 15.7-17.9 
3 days postoperative 11.2 
6 days postoperative 10.3 
7 mo. postoperative 14.5-16.1 


Hypernephroma Preoperative 12.7-14.1 
7 days postoperative 

15 days postoperative 

Hypernephroma Preoperative 13.0-14.1 

10 days postoperative 9.1 

18 days postoperative 10.3 


3.6/2.8 


Spinal fluid calcium 
35% of serum level 
Urine calcium 

456 mg./24 hrs. 

127 mg./24 hrs. 


3.6/2.8 | 110-132 


* Metastases present. 
tion. X-rays showed intact lamina dura of the teeth. 
Intravenous pyelograms and aortograms suggested a 
carcinoma of the lower pole of the right kidney. 
Throughout this period he had a fever, with daily 
spikes in temperature to 102°Fr. 

On April 11, 1955 a transabdominal right nephrec- 
tomy was performed. There were no demonstrable 
metastases. Pathologic examination of the kidney 
showed a clear cell carcinoma of the kidney with 
tubule formation. There was questionable invasion of 
the perinephric fat. Seven days postoperatively the 
serum calcium was 9.2 mg. per cent, serum phospho- 
rus 3.5 mg. per cent, and serum alkaline phosphatase 
7.5 B.U. The patient did well until ten days post- 
operatively when he required a secondary closure 
of the wound because of a disruption. After this he 
made an uneventful recovery. Fifteen days post- 
operatively the serum alkaline phosphatase was 4.5 
B.U. and twenty-four-hour urinary calcium excretion 
had fallen to 127 mg. The patient continued to im- 
prove and when seen in the fall of 1955, he had gained 
thirty pounds and the serum calcium, phosphorus and 
phosphatase continued normal. 


Case m. H. S. (P. H. No. 245143), a forty-seven- 
year-old executive, had been in good health all his 
life. In 1953 embarrassing facetiousness developed, 
his attention flagged and his memory was poor. Early 
in 1955 anorexia, postprandial vomiting and weight 
loss occurred. The only positive finding was an 
elevated erythrocyte sedimentation rate of 60. In 
July, 1955 he became somewhat negativistic and 
apathetic. Studies at another hospital showed a mild 
anemia, elevated erythrocyte sedimentation rate, 
serum calcium of 13 mg. per cent serum and phos- 
phorus of 2.3 mg. per cent. X-rays indicated the 
presence of a right hypernephroma. The patient 
lapsed into semi-stupor and had to be fed by a naso- 
gastric tube. He was transferred to the Presbyterian 


Hospital on September 15, 1955, as a case of Alz- 
heimer’s disease. On physical examination he had a 
temperature of 101°, pulse 130, respirations 34 and a 
blood pressure of 118/76. He was a semi-comatose, 
cachectic, pale man looking older than his stated age. 
The general examination was otherwise within nor- 
mal limits. 

On laboratory examination he had a hemoglobin of 
10.4 gm. per cent, red blood cell count of 3.4 million 
and white blood cell count of 8,000 per cu. mm. The 
erythrocyte sedimentation rate was 110 to 132 mm. in 
one hour. Urine specific gravity was fixed at 1.012 
with 2+ proteinuria, occasional gross hematuria and 
a mildly positive Sulkowitch reaction. The serum non- 
protein nitrogen was 31 mg. per cent. The serum 
calcium varied between 13.0 and 14.1 mg. per cent, 
serum phosphorus 2.5 to 2.9 mg. per cent, the serum 
alkaline phosphatase was 14.5 B.U. The serum 
proteins showed an albumin of 3.6, and globulin of 
2.8 gm. per cent. Paper electrophoretic study was 
normal. The spinal fluid was normal. X-rays of chest, 
skull and skeleton were normal. Pneumoencephalo- 
gram showed mild diffuse abnormalities. Retrograde 
pyelograms showed an abnormality of the upper pole 
of the right kidney. 

On October 7, a clear cell carcinoma of the right 
kidney which had undergone some spindle cell meta- 
plasia, hyalinization and invasion of blood vessels was 
removed. There seemed to be some invasion of the 
peritoneum. Postoperatively the patient began to 
improve immediately. He became alert and oriented 
and began to feed himself. Ten days postoperatively 
the serum calcium was 9.1 mg. per cent, phosphorus 
2.9 mg. per cent, and alkaline phosphatase 7.3 B.U. 
On October 25, the serum calcium was still normal 
at 10.3 mg. per cent, serum phosphorus 3.1 mg. per 
cent and serum alkaline phosphatase 5 B.U. The 
erythrocyte sedimentation rate was 32 mm. and he was 
discharged essentially well six weeks after admission. 
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Comment. In these patients (Table 1) there 
was a direct relationship between the presence of 
carcinoma and hypercalcemia. Removal of the 
tumor caused a prompt fall in the serum calcium 
in a matter of days, and the two patients with 
renal carcinoma also exhibited an abrupt de- 
crease in the level of serum alkaline phosphatase. 
The serum phosphorus tended to rise after opera- 
tion. In the patient with the ovarian carcinoma 
return of the tumor was accompanied by the 
return of hypercalcemia. In view of the relative 
frequency of calcification of hypernephromas, '* 
it is interesting that in neither of these cases did 
calcification occur. 

Two of the three patients in this group showed 
emotional symptoms associated with hyper- 
calcemia. The patient with the ovarian car- 
cinoma had a sudden release from lethargy and 
return of appetite after her second operation, 
at which the carcinoma was removed. Patient, 
H. S., whose semi-stupor was regarded as due to 
presenile psychosis, within a day of his operation 
experienced striking improvement in mental 
attitude and became almost normal. It seems 
likely that his toxic psychosis was due to hyper- 
calcemia. In the older urologic literature the 
severe lassitude and depression sometimes seen 
with hypernephroma and rapid clearing within 
a day or two of operation has been commented 
upon.'* The present study suggests that such 
changes may also have been a manifestation of 
hypercalcemia. 


Hypercalcemia with Inoperable or Unsuspected 
Tumors and without Significant Bone 
Destruction 


Casetv. J.G.(P.H. No. 970626), a seventy-three 
year-old Polish man, was first seen in October 1949 
with complaints of weakness, urinary frequency 
and twenty-five-pound weight loss over the past two 
years. In addition he had also noted aches in the low 
back, hip and shoulders. Physical examination showed 
moderate cachexia. No other significant abnormalities 
were observed. The hemoglobin was 10.9 gm. per cent, 
with red blood cell count of 3.45 million per cu. mm. 
and the white blood cell count was 11,400 per cu. mm. 
The erythrocyte sedimentation rate was 108 mm. in 
one hour. The urine was normal. The serum acid 
phosphatase was 2.8 Gutman units, the serum alkaline 
phosphatase was 3.9 B.U. The serum proteins were 
6.5 gm. per cent, with albumin 4.0 and globulin 2.5. 
The blood urea nitrogen was 23 mg. per cent. Multiple 
x-ray studies included chest, skeleton and the gastro- 
intestinal tract; all were normal. The intravenous 
pyelogram was not satisfactory. The bone marrow 
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aspiration was normal. The patient’s course was down- 
hill and he required frequent transfusions to maintain 
his hemoglobin. Cystoscopy revealed a median bar 
enlargement of the prostate but the ureteral orifices 
could not be found. Subsequent intravenous pyelog- 
raphy revealed hydronephrosis and hydroureters 
bilaterally. He became increasingly drowsy and was 
only semi-responsive. On January 3, 1950 the blood 
urea nitrogen had risen to 71 mg. per cent, and the 
serum calcium at this time was 14.8 mg. per cent 
with serum phosphorus of 2.7 mg. per cent, and 
serum alkaline phosphatase of 5.0 B.U. With vigorous 
hydration the blood urea nitrogen gradually fell to 
49 mg. per cent. The serum calcium on January 16, 
1950 was 13.6 mg. per cent. He became hypernatremic 
with a serum sodium of 170 mEq./L. and died on 
January 22, 1950. 

Autopsy revealed a large carcinoma of the right 
kidney which had extended into the liver, the right 
renal vein and inferior vena cava, and had metas- 
tasized to the lungs and the adrenals. Histologically 
the tumor contained both large clear cells and very 
anaplastic forms. There was a moderately enlarged 
benign prostate causing obstruction with hydroureters 
and bilateral pyelonephritis. The parathyroid glands 
were normal. The ribs, sternum, vertebra and right 
hip showed no evidence of metastases and the bony 
spicules appeared normal. 


Case v. B. L. (F. D. H. No. 4087) a sixty-seven- 
year-old man, was admitted for treatment of progres- 
sive anorexia and vomiting and eleven pound weight 
loss. Eight years before entry the patient had had 
massive hematuria at which time a left abdominal 
mass was noted. Exploratory laparotomy disclosed an 
inoperable “hypernephroma, Grawitz type.” The 
patient’s course was uneventful without recurrence 
of hematuria and without gastrointestinal symptoms. 
About two weeks before admission to the Delafield 
Hospital he complained of increasing nausea, 
anorexia and occasional vomiting. 

On physical examination he was emaciated but in 
no acute distress. In the abdomen there was a stony 
hard mass which filled the left side of the abdomen. 
The mass did not move with respiration and the 
presence of ascites impeded palpation of other 
organs or masses. Hemoglobin was 6.8 gm., red blood 
cell count 3.8 million per cu. mm., white blood cell 
count 14,000 per cu. mm. The urine specific gravity 
was 1.015. There was proteinuria and the sediment 
showed 2 to 5 white blood cells. The erythrocyte 
sedimentation rate was 90 mm. in one hour. The 
serum non-protein nitrogen was 43 mg. per cent, and 
the serum calcium was 13.5 mg. per cent, serum phos- 
phorus 3.4 mg. per cent and alkaline phosphatase 
17.6 B.U. The serum sodium was 134 mEq./L., serum 
potassium 4.8 mEq./L. and chloride 103 mEq./L. 
The x-rays showed clear lung fields; skeletal survey 
showed no evidence of bony metastases. Intravenous 
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pyelograms showed no visualization of the left kidney 
and only a faint shadow on the right. There was a 
huge soft tissue mass displacing all the intestinal 
loops to the right. Retrograde pyelograms showed that 
the left kidney was at the level of the sacroiliac joint. 

The patient’s course was marked by confusion, dis- 
orientation and progressive weakness. In spite of blood 
transfusions the hemoglobin remained below 8.5 gm. 
per cent and, despite the administration of ethylene 
diamine tetra-acetic acid, the serum calcium con- 
tinued to rise, reaching 18.8 mg. per cent shortly 
before death. 

Autopsy revealed a large hypernephroma of the left 
kidney. The right kidney was uninvolved by tumor. 
The tubules of both kidneys showed hydropic changes 
and there were calculi present in the calyces and 
ureters. There was no calcification in other organs. 
The parathyroid glands were normal grossly and 
microscopically. There were no metastases in the 
skeleton and the bony trabeculae were everywhere 
well preserved. 


Case vi. F. E. (F. D. H. No. 3455), a sixty-nine- 
year-old white Russian housewife, was admitted for 
evaluation of right leg pain, progressive weakness and 
lethargy of several months’ duration. In 1950 she had 
a panhysterectomy for carcinoma of the endometrium. 
She was then well until 1953 when she had pain in left 
lower leg. Pelvic examination was negative. The 
hemoglobin was 13 gm. per cent. The erythrocyte 
sedimentation rate was 40 mm. in one hour. X-rays 
of the skeleton showed extensive degenerative disease 
of the spine, but no metastases. The leg pain subsided 
spontaneously but six months later the patient com- 
plained of a pain in the sacrum radiating down both 
legs. Again physical examination and skeletal x-rays 
were unchanged. The hemoglobin had fallen to 9 gm. 
per cent and the sedimentation rate had risen to 67 
mm. in one hour. A total of 1800 r of radiotherapy was 
given for the presumed recurrence of the endo- 
metrial carcinoma in the lumbar spine. There was 
subjective relief but in April, 1954 the patient became 
confused and lethargic, leading to her admission to 
the Delafield Hospital one month later. 

On physical examination she was disoriented and 
restless. There was a round, smooth 12 mm. nodule 
in the left lobe of the thyroid, but otherwise examina- 
tion was within normal limits. The hemoglobin was 
7.6 gm. per cent and the erythrocyte sedimentation 
rate was 114 mm. in one hour. The urine concen- 
trated only to 1.005 and there was a 1+ proteinuria. 
The serum calcium was 19.6 mg. per cent, serum 
phosphorus 2.3 mg. per cent, and the serum alkaline 
phosphatase 6.2 B,U. At a later date when the serum 
phosphorus was 2 mg. per cent, the serum calcium 
was 18.6 mg. per cent with a spinal fluid calcium of 
8.8 mg. per cent. An ultrafiltrate of serum had a cal- 
cium concentration of 10 mg. per cent. The serum 
non-protein nitrogen was 32 mg. per cent, serum 
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sodium 132 mEq./L., and the CO; 62 vol. per cent. 
Bone marrow showed normal hematopoiesis and no 
tumor cells. X-ray of the chest showed normal heart 
and clear lungs. A skeletal survey showed no evidence 
of bone destruction or metastases. 

Despite vigorous hydration the serum calcium only 
fell to 17. The neck was explored for a possible para- 
thyroid adenoma but the palpable nodule was a non- 
toxic nodular goiter and four normal parathyroid 
glands were found. The serum calcium continued in 
the range of 15 to 19 mg. per cent. With intravenous 
ethylene diamine tetra-acetic acid the serum calcium 
could be transiently reduced, but despite this she 
became more lethargic and died. In the week preced- 
ing death the serum non-protein nitrogen rose only to 
51 mg. per cent. 

At autopsy there were no gross or microscopic 
abnormalities of the parathyroid glands, nor was there 
mediastinal parathyroid tissue. Attached to the 
vaginal stump was a tumor mass, 8 by 10 cm., which 
extended to the right pelvic wall and spread upward 
to infiltrate the tissues lying between the psoas muscle 
and the lumbar column, surrounding the lumbosacral 
plexus. ‘There was no gross evidence for bony involve- 
ment by the tumor except for an area of possible 
direct extension to the iliac bone. Microscopically 
the tumor was compatible with an endometrial car- 
cinoma. Sections from the vertebral bodies, iliac bone, 
sternum, ribs and skull were examined. The only bony 
involvement found was in the iliac bone where there 
was direct tumor extension without actual invasion of 
the marrow cavity. This seemed an unlikely cause for 
hypercalcemia. The vertebrae showed thin bony 
trabeculae among large marrow spaces without evi- 
dence of increased osseous reabsorption. The kidneys 
showed pyelonephritis and vacuolization and “‘hyaline 
droplets”’ in the epithelium of the tubules. There was 
only a rare deposit of calcium in the kidneys and there 
was no metastatic calcification elsewhere. 


Case vu. L. S. (F. D. H. No. 4743), a fifty-three 
year old white woman school teacher, was admitted 
for evaluation and treatment of polyuria, polydipsia, 
anorexia and psychic disturbances. In 1943 the patient 
had a panhysterectomy for endometrial carcinoma. 
In 1945 there was the onset of nocturia of eight to 
ten times which was not explained on a urologic or 
metabolic basis. In 1948 she noted the onset of asthenia 
which was considered to be on a psychosomatic basis, 
although the erythrocyte sedimentation rate was 65 
mm, in one hour. In 1950 the patient had migratory 
arthralgias without joint swelling or fever and anemia 
was first noted. These symptoms continued and in 
1953 she began to have a low-grade fever and com- 
plained of abdominal pains. The erythrocyte sedimen- 
tation rate was 100 mm. in one hour. The serum 
calcium was 9.6 mg. per cent, phosphorus 3.6 mg. per 
cent and alkaline phosphatase 4.3 B.U. In July 1954 
exploratory laparotomy showed no evidence of recur- 
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rent endometrial carcinoma or any other abnormality. 
Since the spleen was somewhat enlarged, splenectomy 
was performed but on histopathologic examination 
it appeared normal. There was only transient relief of 
her symptoms and in January 1955 she was admitted 
to the Delafield Hospital for evaluation. 

The general examination was normal except for the 
emaciation. During the remaining ten months of her 
life she was studied with the greatest care. The labora- 
tory studies showed hemoglobin 8 or 9 gm. per cent 
which remained unchanged despite transfusion of 6 
liters of blood over the ten-month period. The ery- 
throcyte sedimentation rate was persistently 100-150 
mm. in one hour. Urine specific gravity was fixed at 
1.004; also found were proteinuria, 10 to 15 white 
blood cells and positive cultures for B. proteus and 
non-hemolytic streptococcus. The serum calcium was 
15.1 mg. per cent and it remained elevated; serum phos- 
phorus 3.6 mg. per cent; serum alkaline phosphatase 4.3 
to 6.2 B.U., serum non-protein nitrogen 32 mg. per 
cent (this remained within normal limits until shortly 
before her death when it rose to 82 mg. per cent). 
Extensive radiologic studies showed only a double 
right renal pelvis and ureter on pyelogram, but no 
evidence of skeletal metastases. The hypercalcemia 
was extensively studied. On an intake of approxi- 
mately 200 mg. of calcium a day her urine contained 
between 230 to 334 mg. of calcium per twenty-four 
hours. At a time when the serum calcium was 12.2 mg. 
per cent the spinal fluid calcium was 5.1 mg. per cent. 
On a calcium tolerance test she excreted 67 per cent of 
the intake as opposed to a normal person who might 
retain 70 per cent. Skin and muscle biopsy speci- 
mens showed no evidence of sarcoid or mesenchymal 
disease. The Kveim test was negative. Empirical trial 
on cortisone did not lead to improvement. Repeated 
efforts to locate a pelvic carcinoma were unsuccessful. 
In spite of supportive care, she steadily declined and 
died ten and a half months after admission. 

Autopsy revealed an anaplastic carcinoma in the 
right retroperitoneal region with compression of the 
renal pelvis. The tumor was necrotic and severely 
infected, as was the kidney. The tumor showed some 
gland formation and was thought to represent a 
residue of the old uterine tumor. There was no other 
evidence of tumor. The hypercalcemia was not 
explained. The parathyroids were normal and the 
bones showed only osteoporosis without evidence of 
destruction. There were a few small foci of hydropic 
degeneration of the renal tubules, but chiefly the 
kidneys showed acute and chronic pyelonephritis. 
There were a few deposits of calcium in the pyramids 
and stones obstructed one pyramid. 


Case vir. E. L. (F. D. H. No. 4675), a fifty year 
old Negro woman noted painless supraclavicular 
lymphadenopathy nine weeks prior to admission. 
Massive edema of the right leg had developed six 
weeks earlier. Three weeks before admission she had 
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temperatures up to 101°F. and generalized glandular 
enlargement was noted. A biopsy of the lymph node 
revealed the characteristic histopathology of Hodg- 
kin’s disease. On physical examination the patient was 
acutely ill with a temperature of 103°F., pulse 128, 
blood pressure of 135/85 and respirations of 22. There 
was generalized glandular enlargement. The heart 
and lungs were normal. There were no palpable ab- 
dominal organs or masses. There was pitting edema 
of the right leg. The hemoglobin was 11.3 gm. per 
cent, the white blood cell count was normal. The 
erythrocyte sedimentation rate was 38 mm. in one 
hour. The urine specific gravity was 1.015 with 1+ 
proteinuria and rare hyaline cast. The serum calcium 
was 13.4 mg. per cent with phosphorus 2.8 mg. per 
cent and alkaline phosphatase 5.3 B.U. The serum 
non-protein nitrogen was 24 mg. per cent. The 
serum sodium was 138 mEq./L., potassium 4.5 
mEq./L. and chloride 91 mEq./L. The serum total 
protein was 7.4 gm. per cent with an increase of 
alpha-2 and beta globulins on paper electrophoresis. 
X-ray of the chest showed mediastinal lymphadenop- 
athy. The skeletal survey was negative except for 
minimal hypertrophic osteoarthritis throughout the 
spine. Bone marrow aspiration showed normal 
hematopoiesis. During the remaining three months of 
her life the serum calcium ranged between 12.8 and 
23.1 mg. per cent, the serum phosphorus between 
1.9 and 3.6 mg. per cent. The serum alkaline phospha- 
tase remained in a normal range of 3 to 5 B.U. The 
serum non-protein nitrogen remained normal until 
her final month, when it rose to 49 mg. per cent. The 
fever and superficial adenopathy were reasonably 
well controlled by external irradiation, intravenous 
nitrogen mustard and cortisone. She continued to 
have considerable nausea and vomiting which were 
attributed to hypercalcemia and seemed to respond 
to parenteral rehydration. On a regular ward diet her 
twenty-four-hour urine calcium values were 260 to 
427 mg. When cortisone therapy with doses of 100 mg. 
a day was commenced her twenty-four-hour excretion 
was 294 mg., and after three weeks fell to 58 mg. At 
this time the serum calcium had declined to 12.8 mg. 
per cent and serum phosphorus to 3.8 mg. per cent 
and the alkaline phosphatase was 4.5 B.U. There was 
transient clinical improvement during this period. But 
during the last three weeks of her life 100 mg. of 
cortisone daily and hydration to the point of anasarca 
were not again associated with a lowering of the serum 
calcium. Three separate injections of 6 gm. each of 
ethylene diamine tetra-acetic acid doubled the urinary 
output of calcium but did not reduce the serum cal- 
cium. The patient became progressively more lethar- 
gic and died five months after the onset of her 
illness. 

Necropsy showed an organizing, partially recanal- 
ized left pulmonary vein thrombus. The left lung was 
partially consolidated, and microscopically these areas 
showed tumor infiltration, fibrosis and calcific deposits 
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in the alveoli. The liver and spleen were grossly 
normal and only a small number of tumor cells were 
seen to infiltrate the portal spaces and Malpighian 
corpuscles. The thyroid was normal and four para- 
thyroid glands were found which were normal in all 
respects. There was generalized enlargement of the 
lymph glands throughout the body and these con- 
firmed the diagnosis of Hodgkin’s disease. Multiple 
samples and sections were taken from the calvarium, 
sternum, ribs, vertebral bodies and pelvis; these 
showed no bony involvement except for the iliac crest 
where there was a loose fibrous tissue replacing the 
marrow spaces and encroaching upon and destroying 
bone spicules. In the fibrous tissue there were a few 
large hyperchromatic tumor cells characteristic of the 
Dorothy Reed cell. There was also one small area in 
the sternum where there was destruction of a bony 
trabecula by fibrous tissue with one possible Dorothy 
Reed cell. In general, there was only a small amount 
of tumor present in bone and only a very small 
amount of bone destruction seen. 


Case ix. F. E. (F. D. H. No. 5017), a seventy-six- 
year-old white woman with proved bronchogenic 
carcinoma, was transferred to the Medical Service 
for treatment of increasing weakness and loss of 
appetite. Six months earlier a non-productive cough 
had developed and x-ray examination revealed a 
shadow at the base of the right lung. Two months later 
she was admitted to the Delafield Hospital for treat- 
ment. Physical findings were compatible with hyper- 
tensive cardiovascular disease but were not otherwise 
abnormal. Her hemoglobin was 11.1 gm. per cent, 
white blood cell count 6,650 per cu. mm. The eryth- 
rocyte sedimentation rate was 24 mm. in one hour. 
The urine specific gravity ranged between 1.006 to 
1.008 with 1+ proteinuria. At bronchoscopy a nodule 
was seen at the bifurcation of the right lower bronchus 
and biopsy showed this to be an undifferentiated 
carcinoma. Skeletal survey showed collapse of several 
thoracic vertebrae but the x-ray suggested osteoporosis 
rather than metastases. A serum calcium was not done. 

In the absence of definite evidence for metastases, 
exploratory thoracotomy was performed. A locally 
inoperable carcinoma was found. With supervoltage 
radiotherapy equipment she received a tumor dose of 
4000 r in twenty-seven days. Shortly thereafter there 
was an onset of weakness, anorexia, nausea and stupor, 
and she was transferred to the Medical Service. The 
serum non-protein nitrogen was 52 mg. per cent. The 


serum calcium was 16.9 mg. per cent, phosphorus 2.9 ° 


mg. per cent, alkaline phosphatase 3.1 B.U. Twenty- 
four hour urine excretion of calcium on a regular diet 
varied from 210 to 275 mg. The erythrocyte sedi- 
mentation rate was 47 mm. in one hour and rose 
later. During the remaining two months of her life 
repeated skeletal x-rays failed to show evidence of 
metastases. There was no change in the thoracic 
vertebrae by x-ray. Bone marrow aspirations were 


consistently negative. Hydration and ethylene diamine 
tetra-acetic acid were transiently effective in reducing 
the serum calcium to 13 mg. per cent. The patient's 
deterioration was progressive, and she finally died 
with a serum calcium of 14 mg. per cent and a serum 
non-protein nitrogen of 32 mg. per cent. 

At autopsy there was no gross evidence of tumor in 
the lungs, mediastinum, brain, liver, retroperitoneum 
or skeleton. There was a structureless hyaline mass in 
the lungs in the region previously occupied by tumor, 
but no neoplastic cells could be seen. Although there 
was osteoporosis of the skeleton, multiple sections 
failed to reveal any tumor. There was, however, a 
large neoplasm localized in the spleen which on 
microscopic study was typical of a reticulum cell 
sarcoma. Apparently the patient had been essentially 
“cured” of her bronchogenic carcinoma only to die 
from inanition and hypercalcemia possibly secondary 
to a localized and unsuspected reticulum cell sarcoma 
of the spleen. Grossly, the parathyroids were normal 
but in one of the glands on microscopic section there 
was an adenoma so small as to be of questionable 
significance. 


Case x. J. K. (F. D. H. No. 6787), a fifty-nine- 
year-old white junk dealer, was admitted with a 
four-month history of painless cough and occasionally 
blood-streaked sputum. There had been no fever, 
but he had lost about twenty pounds in weight. 
Physical examination revealed only dullness and di- 
minished breath sounds over the right upper lobe and 
hepatomegaly. His hemoglobin was 11.2 gm. per 
cent, white blood cell count 12,500 per cu. mm., with 
13 per cent eosinophils, 57 per cent neutrophils, 24 
per cent lymphocytes and 6 per cent monocytes. The 
platelet count was 636,000 per cu. mm. The erythro- 
cyte sedimentation rate was 65 mm. in one hour. The 
urine concentrated to 1.028 and was normal except for 
a 1+ proteinuria. The serum non-protein nitrogen 
was 28 mg. per cent with a serum calcium of 10.5 
mg. per cent, serum phosphorus 4 mg. per cent and 
alkaline phosphatase of 2.1 B.U. X-rays showed a 
huge mass occupying the upper two-thirds of the 
right lung field. On tomography the right upper lobe 
bronchus was completely obstructed. Angiocardiog- 
raphy showed that there was mediastinal invasion. 
Skeletal survey was entirely negative. Bronchoscopic 
biopsy and sputum sudies showed a well differentiated 
squamous cell carvinoma. The mediastinal involve- 
ment precluded operative intervention. 

Shortly after admission the patient became con- 
fused and poorly oriented. He denied pain or head- 
ache. The neurologic examination was normal and his 
behavior was ascribed to an organic psychosis. The 
serum calcium at this time was found to be 15.7 mg. 
per cent and rose over the week to 16.9 mg. per cent. 
The serum phosphorus was 2.9 mg. per cent and the 
serum alkaline phosphatase was 4.2 B.U. In spite of 
hydration the patient’s condition deteriorated rapidly 
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TABLE II 
HYPERCALCEMIA IN MALIGNANT DISEASE WITHOUT APPARENT BONE METASTASES AT AUTOPSY 


Serum 
Phos- 
phorus 


Serum 
Calcium 
(mg. %) 


Patient | Sex | Diagnosis 


| 
| 
| 


| 
| 


| 
| M | Hypernephroma | 13.6-14.8 
M | Hypernephroma | 13.5-18.8 | 
| 


| F | Carcinoma 
uterus 


13.2-16.4 


Carcinoma 
uterus 


Hodgkin’s disease 


| Carcinoma 

| bronchus. 

| Reticulum cell 

| lymphosarcoma | 
of spleen 

M | Carcinoma 
| bronchus 


| 15.9-16.9 


(mg. %) | (Bodansky | 


| Eryth- 

| rocyte 

Protein | Sedi- 

Albumin/ | menta- 
Globulin | tion 
(gm. %) Rate 

(mm. / 
hr.) 


Alkaline 
Phos- 
phatase Miscellaneous 
Units ) 


| 
| 


108 
| Paper electro- 90 
phoresis 
within nor- 
mal limits 
Paper electro- 
phoresis 
within nor- 
mal limits 
Paper electro- 
phoresis 
within nor- 
mal limits 
Total, 7.4 in- 
crease alpha 
and beta 
globulins 
Normal 


Spinal fluid calcium 
47% of serum; 
ultrafilterable cal- 
cium 55% 

Spinal fluid calcium 
42% of serum; 
urine calcium 260-— 
429 mg./24 hrs. 

Urine calcium 230- 
340 mg./24 hrs. 


Urine calcium 210- 
275 mg./24 hrs. 


and he died one month after admission, five months 
after the onset of symptoms. 

At autopsy a well-differentiated squamous cell car- 
cinoma had replaced the right upper lobe and there 
were metastases in the middle and lower lobes. There 
was extension into the mediastinum. No tumor was 
found in the liver or brain. Multiple sections from 
sternum, ilia and vertebrae failed to show gross or 
microscopic evidence of tumor. There was only some 
generalized thinning of the trabeculae. The kidneys 
were entirely normal, with none of the histologic 
changes occasionally seen with hypercalcemia such as 
hydropic changes of the tubular epithelium, or cal- 
cification. All of the small nodules in the parathyroid 
area which were sectioned and resectioned proved to 
be lymph nodes or thyroid tissue. 


Comment. This group (Table m) presents the 
same general features as the group in which oper- 
ation effected a return of the serum calcium to 
normal levels. There is a high serum calcium, 
normal or low serum phosphorus, high erythro- 
cyte sedimentation rate and usually a normal 
serum alkaline phosphatase. Like the other 
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patients with hypercalcemia associated with 
hypernephroma, B. L. had elevation of his 
serum alkaline phosphatase level; however, 
J. G. demonstrates that a high alkaline phospha- 
tase is not constantly associated with the hyper- 
calcemia of hypernephroma. 

The spinal fluid calcium was used as an index 
of the plasma diffusible calcium. In F. E. the 
spinal fluid calcium was 47 per cent of the 
serum level, in L. S., 42 per cent. The normal 
spinal fluid calcium is about 45 per cent of 
the serum level. It is possible that the severe 
mental symptoms of F. E. and L. S. were related 
to this rise in the absolute level of diffusible 
calcium. M. T., in the first group, did not have 
any unusual mental symptoms at a time when 
her spinal fluid calcium was 32 per cent of the 
serum level. 

In none of these cases, except the patient with 
Hodgkin’s disease, was there any evidence of 
bone metastases, and in this patient there was 
bone involvement only by scattered Dorothy 


| | 
B. | 3.4 | 17.6 
| | 
| | | 
| | 
| | 12-23 5.3 
| | | | 
| 
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Reed cells. Also, none of the patients revealed 
the histologic picture of osteitis fibrosa general- 
isata. There was no hyperparathyroidism. 


REMARKS 


The mechanism for the hypercalcemia in this 
total group of ten patients with malignant disease 
is not clear. It appears unlikely that the hyper- 
calcemia was due to bone replacement or 
destruction because there was inadequate 
evidence for this during life or at autopsy and 
because the serum calcium fell so promptly 
after removal of the primary tumor. It is also 
unlikely that this hypercalcemia is due to hyper- 
parathyroidism. The parathyroids appeared 
normal at operation in two cases and normal at 
autopsy in seven cases. Again the fall in serum 
calcium after removal of the primary tumor 
would argue against primary hyperparathyroid- 
ism. The elevated serum alkaline phosphatase 
in three of the four cases of clear cell carcinoma 
of the kidney raises the possibility that the serum 
calcium was being carried in an unionized form, 
and that the ionized form was sufficiently low to 
have caused secondary hyperparathyroidism 
with mobilization of bone salt and consequent 
rise in serum alkaline phosphatase. However, 
bony changes of hyperparathyroidism were not 
found at autopsy and the parathyroids appeared 
normal. 

The fall in serum calcium after removal of the 
primary tumor suggests that some tumors may 
produce a substance which behaves like an ex- 
tract of the parathyroid glands, especially in 
those cases in which there is an elevation of 
serum alkaline phosphatase. Although, to date, 
extracts of these tumors have not shown any cal- 
cium-mobilizing ability, and although the bones 
do not show the changes of osteitis fibrosa gen- 
eralisata, this possibility cannot be ruled out. A 
second possibility is that these tumors produce 
a substance like vitamin D. This might cause 
excessive absorption of calcium from the gastro- 
intestinal tract similar to that postulated in 
Boeck’s sarcoid.'* Unfortunately, balance studies 
to evaluate the fecal calcium were never satis- 
factory. If a vitamin D-like substance were being 
produced, it could also cause hypercalcemia by a 
direct action on bones even in the absence of 
dietary calcium.’ A third possibility is that these 
tumors produce an abnormal substance which 
binds the calcium and transports it in excessive 
amounts. It is not clear what the binding sub- 


stance might be. It does not appear to be re- 
flected in the ordinary Howe fractionation of 
plasma proteins or in electrophoretic patterns. 
Preliminary studies to isolate a circulating muco- 
polysaccharide which could bind calcium have 
failed. A calcium-binding lipid or cephalin 
has not been found in adequate amounts to 
explain the abnormalities observed. The possi- 
bility of an increased estrogen effect has been 
considered but there was no evidence for this in 
the endometrium of the autopsied cases. There 
is also the possibility that this hypercalcemia 
resembles the situation in laying hens. Recently 
Erickson, Clegg and Hein!* reported in laying 
hens, a phosphate-rich lipoprotein with very 
marked calcium binding. Obviously further 
work is needed and is in progress to elucidate 
the mechanism for the hypercalcemia. 

The tendency for the serum phosphorus to be 
low is hard to explain, apart from the general 
decline observed in patients with marked weight 
loss. It would be compatible with the concept 
that these tumors were producing a parathyroid- 
like hormone which was able to cause a phos- 
phate diuresis. Unfortunately, phosphate balance 
studies were not done. It can only be said at this 
time that the bones do not show the ordinary 
effects classically produced by large amounts of a 
parathyroid hormone. 

Another interesting feature of the patients 
reported is the degree of mental aberration 
which a number exhibited. While some lassitude 
and apathy could be anticipated, several of 
these patients behaved as though they had a 
toxic psychosis, which was rapidly reversed in all 
when the calcium could be lowered. 


SUMMARY 


1. Hypercalcemia with a tendency to hypo- 
phosphatemia is reported in ten patients with 
malignant disease and normal bones. 

2. These patients exhibited symptomatology 
characteristic of hypercalcemic states, including 
mental confusion. 

3. Removal of the primary tumor in three pa- 
tients was associated with prompt return to 
normal of the serum values of calcium and phos- 
phorus and the alkaline phosphatase, when 
elevated. 

4. The parathyroid glands were invariably 
found to be normal at operation or at autopsy. 

5. A possible mechanism for the hypercal- 
cemia in this group of patients is discussed. 
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Seminar on Diseases of the Pancreas 


Carcinoma of the Pancreas 


EuGENE E. CLIFFTON, M.D.* 
New York, New York 


HE manifestations of malignant tumors of 
pancreas and the periampullary region 
of the head of the pancreas and duodenum are 
so protean that any physician, specialist or gen- 
eral practitioner, may be faced with the necessity 
for diagnosis. The usual course of these tumors 
is so rapid, the late symptoms are so severe, and 
the treatment in the advanced case is so unsatis- 
factory that early diagnosis and immediate 
treatment, frequently even on a presumptive 
diagnosis, is essential. As Whipple has said, ‘“To 
observe the patient for weeks until the diagnosis 
is obvious is to study the patient to death.” 
Mondiare*’® and Battersby'® were apparently 
among the first to describe carcinoma of the 
pancreas, although articles in the relatively 
ancient literature’! by Alberti, Heurniuns and 
Topies were referred to by Pitt.*°* In the Ameri- 
can literature DaCosta’® first discussed the 
problems and signs of cancer of the pancreas. He 
stressed pain as a diagnostic sign. This is espe- 
cially significant in view of the fairly common 
concept of painless jaundice as a diagnostic 
sign of carcinoma of the pancreas. In 1888 Bard 
and Pic,'! in two comprehensive articles, gave 
excellent descriptions of the clinical manifesta- 
tions of carcinoma of the pancreas and correlated 
them with anatomic and pathologic studies. 
Bosanquet and Pitt?’ stated in 1908 that ‘‘ac- 
curate knowledge of the diseases which affect 
the pancreas, can scarcely even now be said to 
exist; such as we possess is almost entirely the 
product of investigations since 1888.” In 1931 
Oberling and Guerin?*® brought together in a 
monograph the knowledge concerning car- 
cinoma of the pancreas available at that time, 
both from the literature and personal experience. 
For practical purposes a discussion of car- 
cinoma of the pancreas must include carcinoma 
involving those structures traversing and in close 
proximity to the head of the pancreas. It is 
virtually impossible to distinguish these lesions 


by clinical examination and history, and fre- 
quently it is difficult at the time of surgery. 
Indeed in many instances exact diagnosis is diffi- 
cult for the surgical or postmortem pathologist, 
who has the entire specimen in hand. Within a 
very small area tumors can arise in any one of 
six structures:’*:'*® the common bile duct, the 
duct of Wirsung, the ampulla of Vater, the 
papilla of Vater, the duodenal mucosa in the 
immediate vicinity of the papilla and the head of 
the pancreas. While carcinoma can arise from 
any of these structures, it very early penetrates 
the surrounding tissues and by extension involves 
the adjacent organs sufficiently to obscure the 
exact point of origin.'*° In one series, in 182 of 
222 cases, all epithelial structures of the papilla 
were involved. Only one could be said definitely 
to have arisen in the ampulla of Vater, three 
arose from the terminal duct of Wirsung, seven 
arose from the terminal bile duct and four arose 
from the intestinal mucosa covering the pa- 
pilla.'*® In approximately two of three anatomic 
specimens the common duct is surrounded in its 
distal portion by pancreatic tissue and in the 
other third it lies in a deep groove within the 
pancreatic tissue on the posterior surface of the 
pancreas. '** Carcinomas arising in the duct or in 
the surrounding tissue very quickly become 
indistinguishable, and tumors of the sur- 
rounding pancreas very quickly obstruct or 
invade the duct. The use of the terms carcinoma 
of the ampulla of Vater or of the papilla of Vater, 
frequently used interchangeably, depends upon 
the point of origin of the tumor and the anatomic 
structure present.*:*° Approximately 20 to 30 per 
cent of anatomic sections reveal a true ampulla 
with a common channel for the bile and pan- 
creatic duct. This may be from 1 mm. to 15 mm. 
in length.7°!76?%5279 Carcinoma of the duo- 
denum itself is the most frequent small bowel 
tumor and most frequently involves the second 
part. 


* From the Department of Surgery, Cornell University School of Medicine and the Memorial Center for Cancer 
and Allied Diseases, New York, N.Y. 
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Carcinoma of the pancreas and of the region 
of the papilla or ampulla is not a common 
disease. It is encountered in about 0.3 to 0.75 
per cent of autopsies. (Table 1.) Biach”! noted the 
condition in twenty-two of 18,069 autopsies, 
Segre’®® in twenty-seven of 11,472 autopsies, 

TABLE I 


INCIDENCE OF CARCINOMA OF THE PANCREAS AT 
POSTMORTEM EXAMINATION 


occur in a somewhat younger age group than 
carcinoma of the panilla of Vater.” At least 
ten patients under twenty years of age, bearing 
a carcinoma of the pancreas, have been reported, 
the youngest being seven months old.!4*:154,167, 
238,253,296 There has been no real evidence for 


TABLE 11 
INCIDENCE OF CARCINOMA OF THE PANCREAS IN 
RELATION TO THE INCIDENCE OF ALL CARCINOMAS 


| Carcinoma 
Total Autopsies | of the 
Pancreas 


Biach?! 18,069 | 22 
Segre?®9 | 11,472 127 
Park?*? | 53,000 (collected) 226 
Bashford!*4 .| 84,448 (collected) | 1,000 
Hick and Mortimer'*?.| 7,932 50 
Brunschwig *? 5 


Park**? in 226 of 53,000 collected autopsies and 
Bashford '*4 in 1,000 of 84,448 autopsies. 

The ratio of carcinoma of the pancreas to all 
types of carcinoma in postmortem series is about 
1.76 to 2 per cent. (‘Table m.) Car- 
cinoma of the stomach occurs about four to five 
times as frequently as carcinoma of the pancreas. 

It has been estimated that in New York State 
the probability of cancer of the pancreas is 
about the same as leukemia, approximately 
0.473 per cent in men and 0.419 per cent in 
women, compared with a figure of 2.277 per 
cent for carcinoma of the stomach in men and 
4.974 per cent for carcinoma of the breast in 
women.*?? In one county in New York State, 
with a population of 300,000, eleven cases of 
cancer of the pancreas were found in one year, 
1947.*?7 In another series of 12,290 hospital 
admissions for cancer, carcinoma of the pancreas 
was noted in 1.1 per cent of the total cases of 
cancer, and cancer of the papilla and bile buct in 
0.3 per cent, a total of 1.4 per cent of admissions 
for (Table 111.) 

Carcinoma in these sites is predominantly a 
disease of males, with a sex ratio of about 2 to 
3:1.'8 (Table 1v.) This is of real significance 
in differential diagnosis since biliary disease, 
particularly gallstones, is more common in 
women.*!? The age incidence is similar to that of 
carcinoma in general. It is a disease of middle 
or advanced age, the average age being about 
fifty-five to fifty-eight Car- 
cinoma of the pancreas proper would seem to 
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' Carcinoma 
of the 
Pancreas 


Postmortem All Carcinomas 


Hick, Mortimer’®®. . 
Bigelow, Ford 


1,000 
4.8% cancer deaths 
in Massachusetts 
2,005 
Conn. State Tumor | 


4,661 
1.76 to 2% 


racial predisposition, although there would ap- 
pear to be a slightly greater incidence of car- 
cinoma of the pancreas in the Caucasian as 
compared to the Negro.!%%8.?72 

Of the malignant diseases in this area, car- 
cinoma of the pancreas is more common than 
carcinoma of the papilla of Vater and common 
duct by about three to one, and other malignant 
tumors are still more rare.!%-130.280 Sarcoma, 
cystadenocarcinoma and malignant nesidio- 
blastoma are the other types which are occa- 
sionally seen. 

Primary sarcoma of the pancreas is an uncommon 
lesion occurring in less than 1 per cent of pan- 
creatic malignancies. 258,275 Tt is seen 
relatively frequently in children and young 
adults, **: 167,182, 193,198 so frequently that a malig- 
nant tumor of the pancreas encountered in a 
child can be expected to be a sarcoma, although 
carcinomas do occur below age twenty.!® Sar- 
coma is found with equal frequency in the head 
and tail, with frequent involvement of the entire 
gland.'%*.?1! Symptoms occur late, and include 
pain and pressure effects of the tumor mass. It is 
usually diagnosed by the presence of a mass 
which is large and bulky by the time of dis- 
covery. Infiltration of the surrounding tissue 
with adherence to surrounding viscera may be 
present. Regional and distant metastases may 
not occur until the tumor has reached very large 


308 19 
50 
29 
| 104 
Ewing 
| 
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size. The microscopic types described most fre- 
quently are lymphosarcoma, neurogenic sar- 
coma, angiosarcoma and spindle cell or fibro- 
sarcoma. Only the latter have been considered 
true primary sarcomas in most instances. '°?:189.198, 
198,282,276 "The diagnosis is usually made only at 


TABLE II 
INCIDENCE OF CARCINOMA OF THE PANCREAS IN 
RELATION TO THE NUMBER OF HOSPITAL ADMISSIONS 


| Carcinoma 
of the 
Pancreas 


Hospital 
Admissions 


Kiefer !® 

Leven?!8 

138 to 182 
Sloan, Wharton”... .06% 
Strang, Walton®®®....| 347,614 | 284 
Broadbent, Kerman*® | 200,000 


12,290 for cancer 


operation or at postmortem. The first reported 
resections for tumor of the pancreas, by Trendel- 
enburg*!* and others, **:4!:°? were for sarcoma of 
the pancreas. Treatment is largely palliative, by 
surgery and/or radiation therapy. Brunschwig*! 
stated in 1942 that he knew of no cure of an 
authenticated case of sarcoma of the pancreas. 
Cystadenocarcinoma is not a distinct entity since 
it is difficult to differentiate from carcinoma 
arising in a true cyst and cystic degeneration 
of a solid carcinoma.'7*4 They are irregular, 
lobulated, cystic tumors, which are blue-red in 
color. On cross-section they are multiloculated 
with cysts of irregular size and shape and thick 
cellular walls.'®? Papillary infoldings are com- 
mon and are typical of malignant change, al- 
though some papillary projections may occur in 
benign cystadenomas. Microscopic section shows 
cystic structures lined by irregularly shaped 
tumor cells, with striking papillary infolding of 
the tumor lining of the cysts and invasion of the 
fibrous wall by tumor cells. Solid masses of tumor 
cells may also be seen. The symptoms are those 
of an increasing tumor mass in the region of the 
pancreas with pressure c» other organs. The 
development and growth, the tumor perhaps 
arising from a benign cystadenoma, may be rela- 
tively slow; case histories of several years dura- 
tion not being very uncommon. '®*:!794.283 Cyst- 
adenocarcinomas have been reported to develop 
in previously marsupialized benign cystic le- 


sions, !9!,200,283,388 Nfetastases, which occur late, 
are most commonly to the lymph nodes and 
liver, and less commonly and later to distant 
organs. Prolonged survival is frequent after 
removal. 162.1794 

Islet cell tumors (nesidioblastoma) are found to 


TABLE IV 
SEX INCIDENCE IN CARCINOMA OF THE PANCREAS 


Male Female 


DaCosta7® 13 
59 
19 


15 

12 

16 
9 
Rives et al.?7? 18 
| 28 
Arkin, Weisberg®. . | 11 (75 cases) 
Conn. State Tumor Registry*’. | 6; 1 


be definitely malignant, as shown by the clinical 
course, in about 10 per cent of cases, and micro- 
scopically or locally malignant in another 10 per 
cent.'42 Like the benign islet cell tumors, 
malignant tumors of this type are relatively more 
frequent in the tail and body than in the head 
and neck.**:*? Malignant islet cell tumors are 
not well encapsulated, daughter nodules may 
appear, and metastases to the liver, to the lymph 
nodes and to distant organs occur.*’ The ques- 
tionably malignant lesion shows irregularity of 
the cells, mitoses and invasion of the capsule just 
as do the proved malignant adenomas.** The 
metastatic nodules in truly malignant islet cell 
tumors are often more cellular than the primary 
neoplasm, with little tendency toward normal 
islet cell patterns. Hypoglycemia due to hyper- 
insulinism and all its bizarre manifestations oc- 
curs with malignant as well as benign islet cell 
tumors.*? Even if the primary tumor is removed, 
the metastasis may continue to secrete insulin 
and maintain the hypoglycemic state.'® 


PATHOLOGY OF CARCINOMA 


Of the carcinomas found in the pancreas and 
its immediately associated structures, those aris- 
ing in the gland itself are by far the most 
frequent, about 90 per cent in postmortem 
series !63,204,207 and 70 per cent in operative 
series.5> When carcinoma arises within the gland 
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substance itself, the head is involved prima- 
rily in over 60 per cent, even in postmortem 
series. 4!:77,168,172,178 (Table v.) Extension to 
involve the entire gland was more common in 
older series.*:*!:2°° (Table v.) Rarely, carcinoma 
may arise in aberrant pancreatic tissue.'° 


TABLE V 
SITE OF TUMOR WITHIN THE PANCREAS 


Undeter- 


Body Tail General 


Kicfer!# 
Lancereaux!?®, . 
Mirallie®®. . 


Both 34 
Arkin, Weisberg®.... 7 12 16 
Both 8 
Aberrant tissue 2 
Leven!78 ; Both 19 
Duff** Both 19 
3rown et al... 8 15 
| Both 8 
Ancelet* 5 2 
Biach*! | | 13 
Leach??? 9 2 


Carcinoma originating in the common duct, 
ampulla or on the papilla may cause obstruction 
when quite small. Carcinomas have been re- 
ported as small as a lymph node*! or even a 
cherry pit.'*° At the early stage they are usually 
distinct, well-demarcated, hard white tumors, 
although papillary types have been described.?® 
Microscopically they have a well differentiated 
structure. With increase in size they infiltrate 
the surrounding structures, pancreas and duo- 
denum, lose their distinct character, and are 
difficult to differentiate from tumors arising in 
those structures.’*'8°.2°8 Lesions of the papilla 
and periampullary area ulcerate. early and 
spread as an eroding lesion into the duodenum, 
with raised, thickened, overhanging, irregular 
edges.’? It is these lesions which cause oc- 
cult blood in the stools and an occasional 
hemorrhage. 

Carcinoma of the pancreas itself is rarely seen 
as a small tumor except as an incidental post- 
mortem finding or occasionally when it lies in 
close proximity to and invades or obstructs the 
common duct causing jaundice. The size of the 
tumor in reported series varies from 1.5 cm. 
diameter to 16 by 9 by 9 cm. }%41-126,180,172, 208 
Commonly these tumors are dense, scirrlious, 
lobulated or coarsely nodular tumors with indis- 
tinct margins due to infiltration, 16% 172,187,208 
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They frequently show retraction of the over- 
lying gland.!*:!6* Occasionally a rounded bulg- 
ing tumor is seen, but this is more likely with the 
less common medullary type or cystadenocar- 
cinoma.}®:187 The centrally placed tumors, if 
small, may not be apparent or may be felt as a 
small nodule. 

With obstruction of the ducts, chronic pan- 
creatitis occurs distal to the block, with dilata- 
tion of the ducts, destruction of the acini and 
replacement with fibrous tissue, 76-142 but with 
preservation of the islets of Langerhans. }** 

Extension of the tumor is direct by invasion 
of the remaining gland or duodenum, and by 
adherence of adjacent structures followed by 
invasion.'® The adjacent organs most frequently 
involved are the duodenum, occasionally the 
stomach, and rarely the colon or kidney.’® 
Ulceration into each may occur. The adjacent 
vessels are frequently involved. Extension may 
also be by infiltration through the common bile 
duct or pancreatic ducts or their lymphatic 
channels or by free cells. This extension is of 
particular importance in surgical treatment 
since excision of the ducts and surrounding 
lymphatics may be inadequate, local recurrence 
occurring in an otherwise cured case.** Exten- 
sion by the perineural lymphatics®®”®" and those 
accompanying the pancreatoduodenal vessels 
is the rule with true pancreatic carcinoma.?” 
Inoperability in early cases is frequently on the 
basis of this perivascular infiltration, especially 
about the portal vein.**:®? This type of spread is 
much less common with ampullary or papilla 
tumors.*°? Metastases are most frequent to the 
regional lymph nodes and to the liver. The 
metastases to the liver may be small but numer- 
ous.'** Other metastases, in their order of fre- 
quency, are to lungs, intestines, adrenals, bone, 
diaphragm, kidney, heart, mediastinum, blad- 
der, ovary, brain, and muscle, skin or sub- 
cutaneous tissue. 41:56.101,130, 172,178,258 

Microscopically, tumors of duct and acinar 
origin can be distinguished.?*1®* In general, the 
duct cell carcinomas are the more scirrhous type 
containing much dense fibrous stroma with 
irregular duct-like or glandular structures lined 
by one or more layers of cuboidal or columnar 
cells. Medullary carcinoma grows in sheets and 
banks of cells in a haphazard manner, but with 
rather uniform size, shape and staining quality 
of the cells. In some areas ill-defined acini are 
seen, !%109,126,130,172,207,289 Anaplastic carcinoma 
with irregular masses of variegated cells is less 


| | | 
| Head 
| 
24 | 3 2 
11 | 2 2 | 
39 | 4 19 
Oser238 20 2 3 | 1 | 
Boldt 5 | 18 
| 
| 18 
| 
8 
88 72 
| 31 10 
| 7 
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common.'%:!8° Squamous carcinoma occurs 
rarely but must be considered a primary pan- 
creatic cancer. * 

The etiology is of course unknown. Duct 
metaplasia following inflammatory involvement 
is suspect and has been shown to be present 
along with carcinoma in situ in uninvolved ducts 
in glands bearing carcinoma.*:!®-'6° Carcinomas 
have been seen in many animals, particularly 
dogs, *! mice?®* and Syrian hamsters!!*4 in which 
it is surprisingly common. 


SYMPTOMATOLOGY 


Despite the still too widely held opinion that 
the most common symptom of carcinoma of the 
pancreas and the papilla of Vater is painless 


jaundice, almost all authors from the time of 


DaCosta’® have observed that pain is most fre- 
quently the first symptom of carcinoma of the 
pancreas. 2% 41,77, 105,163,178,277 Tt may be the only 
symptom, especially in patients with carcinoma 
of the body and tail.*%-#1:57-98.3°5 Pain is the 
complaint that brings most patients to the doctor 
and all too frequently from one doctor to 
another until the patient shows one of the signs 
of obvious advanced carcinoma. The pain is 
not diagnostic in any sense but follows three 
general types:'*:'®* (1) a colicky pain, frequently 
related to the right upper quadrant of the ab- 
domen, which may be more common with 
papilla carcinoma and may be due to dilatation 
of the ducts and gallbladder; (2) a steady, dull, 
mid-epigastric pain which radiates through to 
the low back; and (3) a paroxysmal pain which 
begins near the umbilicus and radiates widely 
to the back, to the front of the chest and over the 
abdomen. Perhaps the most distinctive feature 
of the abdominal pain in cancer is “‘its per- 
sistence, week after week until life’s end.’’*! 
Eusterman and Wilbur,®®? who noted pain in 
86.5 per cent of their cases, described as charac- 
teristic of pancreatic pain the epigastric situa- 
tion, radiation to the back, the frequent dull 
aching character, the moderate severity, the 
constancy, the steady progression, the exacerba- 
tion at night, and the non-relationship to normal 
events of the digestive cycle. However, typical 
peptic ulcer pain has been reported in from 10 
to 12 per cent of patients.'*’’ In four of twenty 
patients in another series typical ulcer pain 
occurred but no ulcer was found at postmor- 
tem.® Pain is frequently present for a long time 
before definitive treatment is finally achieved, as 
many as 22 to 29.8 per cent of the patients hav- 


ing had pain as a major complaint for more than 
five months before admission to the hospital;°°:°' 
indeed, cases of patients with several years’ 
duration of pain have been reported.!**'®.?!§ 
Investigation by electrical stimulation con- 
firmed the pain distribution.”* Stimulation of 
the head gave pain in the right upper quadrant; 
of the body, pain in the mid-epigastrium; of the 
tail, pain in the left upper quadrant, and of the 
total pancreas, a band of pain extending through 
to the back. The cause of pain in carcincma of 
the pancreas and ampulla of Vater is not com- 
pletely understood but it is commonly considered 
that the colicky type of pain is probably due to 
obstruction of the ducts with distention of the 
common bile duct and gallbladder.**' This is 
confirmed by the fact that cholecystostomy or 
cholecystenterostomy has been reported to 
relieve this type of pain.**® Dilatation of the 
pancreatic duct (duct of Wirsung) may also 
produce pain, especially if pancreatitis is pro- 
duced. The steady persistence of severe pain 
radiating through to the back is usually consid- 
ered to be due to invasion of the nerves by car- 
Perineural lymphatics were 
found to be invaded by malignant cells in 
66.6 per cent of pancreatic carcinoma, and in no 
cases of papillary and duodenal carcinoma.*”’ 
However, in contradiction to this thesis there 
was no marked difference in incidence of pain 
in those who did have perineural invasion.** 

The next most significant symptom is jaun- 
dice,'*:18,20,209,221 which occurs in about 65 to 
80 per cent of cases at the time of admission to 
hospital, 77.326, 218,268, 200,268, 377,208 
the symptom which causes most patients to seek 
treatment. 

Jaundice is more frequent in carcinoma of the 
papilla or ampulla of Vater, being described in 
90 to 100 per cent of the patients with these 
conditions as compared to 80 to 81.5 per cent of 
patients with carcinoma of the head of the pan- 
creas in the same series.*°’?”7 In another series 
the incidence was found to be almost identical 
in the head and ampulla, 88 per cent and 87 per 
cent, but only 27 per cent of those patients with 
carcinoma of the body and tail had jaundice.*”* 
In one group of 400 cases of jaundice, of all 
etiologies, carcinoma of the pancreas was the 
cause in 11.75 per cent.'*4 In another group of 
1,035 collected cases of icterus due to pancreatic 
lesions, excluding only acute pancreatitis, 73 per 
cent were caused by carcinoma, only 23 per cent 
were caused by chronic pancreatitis, and a mere 
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4 per cent were left for all other causes. ‘The 
intensity of jaundice in malignant obstruction is 
greater than in most cases associated with non- 
malignant disease such as chronic pancreatitis.'!® 
Jaundice with true carcinoma of the pancreas is 
almost always persistent and steadily progres- 
sive. In many cases it becomes extremely deep, 
with a bronzing effect.'7° Occasionally with 
carcinoma of the papilla or ampulla there may 
be remission of the jaundice, due to ulceration 
of the tumor or relief of spasm or edema and 
opening of the biliary tract.**:77-178820 This may 
be very misleading in the differential diagnosis 
of tumor and stone. In almost all instances of 
carcinoma of the head of the pancreas pain 
precedes the jaundice whereas jaundice precedes 
the pain in the majority of patients with ampul- 
lary carcinomas.*°? The serum bilirubin is 
usually higher in carcinoma of the pancreas, 
icterus averaging 24.5 mg. per cent, than with 
papilla lesions, averaging 8.5 mg. per cent.?°7 
This is compatible with observations on the 
presence of bile in duodenal drainages. Patients 
who had carcinoma of the papilla showed ab- 
sence of bile (complete biliary obstruction) in 
only about 50 per cent of cases whereas 100 per 
cent of the patients with pancreatic carcinoma 
showed complete biliary obstruction.”°7 

Icterus is usually produced by obstructive 
growth into the duct or by compression or 
invasion of the duct by tumor, but on occasion 
may be produced by metastatic lymph nodes, 
in a few instances by metastases in the liver or 
by portal vein thrombosis or vena cava throm- 
bosis.'® It has been stated that itching is much 
more common with jaundice in cases of car- 
cinoma of the pancreas and papilla of Vater 
than in other types of jaundice. This may be 
simply on the basis of duration of the jaundice, 
but itching may precede the jaundice.'*® Cases 
of long duration of jaundice before the diagnosis 
of carcinoma was made have also been reported, 
one and three-quarter years in one instance,?!® 
two years in another,® and three years in a 
third case.?"! 

Weight loss is the most common finding 
(about 90 per cent) although not usually the 
first,® 416.165 and it does not bring many pa- 
tients to the doctor. Weight loss in carcinoma 
of the pancreas is extreme, frequently averaging 
more than 5 pounds per month. As much as 
84 pounds were lost by a patient in one case 
before jaundice developed. *! 

Weight loss is greater with carcinoma of the 
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pancreas, because of longer duration before 
onset of jaundice, than with carcinoma of the 
papilla of Vater, since jaundice usually brings 
the patient to definitive treatment. The average 
duration of symptoms in carcinoma of the 
pancreas is 4.6 to nine months as compared to 
nine to eleven weeks with carcinoma of the 
ampulla of Vater.77:178.207,263,.177 Weight loss in 
carcinoma of the head of the pancreas is not 
significantly different from loss of weight in 
carcinoma of the body and tail. It is intriguing 
to compare this with the failure of children with 
chronic cystic fibrosis of the pancreas to gain 
weight.**:748 It does not seem to be closely 
related with pain, as does the weight loss in late 
chronic pancreatitis in which pain prevents 
adequate alimentation.* Weakness is always 
associated and may be extreme. 

Non-specific gastrointestinal symptoms such as 
anorexia, nausea and vomiting cannot be said 
to be related particularly to carcinoma of the 
pancreas but they are very common com- 
plaints. An aversion for or complete rejection 
of food rather than true anorexia is considered 
distinctive of cancer of the pancreas.*!° A feeling 
of gastric fullness and flatulence is general. **-5% 16 
This may be related to the very high incidence 
of achlorhydria, which occurs in 40 per cent to 
58 per cent of patients with carcinoma of the 
pancreas. 

Vomiting is not rare.*® Strangely enough, it 
has been reported to occur more frequently with 
carcinoma of the papilla (40 per cent) than with 
carcinoma of the pancreas (14.8 per cent).?°7 
This may be related to the increased frequency 
of cholangitis, chills and fever with the papilla 
lesions. Nausea, especially in the morning, has 
been observed as a specific complaint. 

Diarrhea, which may or may not be associated 
with steatorrhea, has been reported as the only 
symptom in cases of pancreatic malignancy.**” 
It has been observed in 14.8 per cent of cases. 
The diagnosis of pancreatic malignancy should 
be seriously considered and ruled out in elderly 
patients with unexplained diarrhea. **-50.110,168 
Constipation, first noted by Cordua, is more 
common according to some reports!*1%?7? but 
obviously would not be as significant since it is 
so usual in this age group. 

Especially bulky stools are frequent in pan- 
creatic disease and carcinoma is no exception, 
as was observed fifty years ago.!!*?%* This in- 
creased bulk is due primarily to undigested fat 
and protein. At times ihe steatorrhea is ob- 
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vious. '®*.413.317 Tt may be an early sign of 
cancer.*! Latent steatorrhea may be determined 
by careful tests for fat in the stools or by force- 
feeding of fat, and will be found in 22.2 per cent 
of cases.??7 

Creatorrhea is also seen in fairly obvious 
form, with undigested muscle fibers in occa- 
sional cases.'!* Careful microscopic examination 
will determine their presence, in as many as 
18 per cent in one series.*! Test diets such as 
that of Nothman’”’ are of value in producing 
evidence of steatorrhea and creatorrhea in pan- 
creatic disease. 

Bleeding into the gastrointestinal tract, as indi- 
cated by occult blood, is noted in 25 to 37 per 
cent of patients tested. Blood 
in the stools is especially frequent in lesions 
involving the stomach or duodenum, with 
ulceration, and in papilla carcinoma.**® Ul- 
ceration has been observed in 50 per cent of 
cases of papilla, 33.3 per cent of pancreatic and 
100 per cent of duodenal (periampullary) car- 
cinomas.”°* Malignant ulcers simulating peptic 
ulcer have been seen in 11 to 37.5 per cent 
in reported Severe gastrointes- 
tinal hemorrhage may be the initial symp- 
tom and may be repeated and occasionally 
fata], 89: 121,131,178, 196,215, 221,271,294, 310 

Acute cholecystitis may be the first indication 
of carcinoma of this area,*’* and in patients of 
the older age group carcinoma should always be 
considered.*'7 This complication might give 
the surgeon an opportunity to make the diagno- 
sis but it is usually not considered. In one series 
in which cholecystitis occurred in eight of ninety 
subjects the malignancy was not discovered 
until a few days to twelve weeks later.?7* The 
operator felt an abnormality in the head of the 
pancreas in only two of the eight subjects, and 
failed to make the diagnosis in any. 

Thrombophlebitis or phlebothrombosis, espe- 
cially with multiple thromboses of the mi- 
grating type, has long been considered a 
frequent symptom of carcinoma of the pan- 
creas. 103,124,161,179, 189, 300,309,310 Trousseau?!* is said 
to have been the first to note this phenomenon. 
Thromboses should certainly lead one to con- 
sider this diagnosis in all patients even without 
symptoms!9?,124,161,189,800 or signs of pancreatic 
disease. Jt has been the first 
symptom in some cases.*°*:*18 This is especially 
important since thrombosis is much more com- 
mon with cancer of the body and tail of the 
pancreas (50 per cent) than with lesions arising 
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in the head (10 to 20 per cent),?°*:3°° and lesions 
of the body and tail often are asymptomatic 
even to death.*! This differential point is more 
obvious with multiple thrombi, the ratio in 
such cases being 31.3 per cent tail and body of 
the pancreas!*! to 9.7 per cent head.*°° Even 
before the time of antibiotics cancer was found 
to be second only to inflammatory disease as a 
cause of thrombosis,®* middle ear infections 
alone being more frequent in one series.'** In 
a group of fifty-eight cases of non-infectious 
diseases associated with thrombosis twenty- 
seven were patients with carcinoma.'* ‘Tumors 
arising from the lung and pancreas seem to be 
the most common in this regard.7% !925!,311,815 
Benign lesions of the pancreas and metastatic 
carcinoma of the pancreas!*! are associated with 
thrombosis infrequently and the thromboses 
rarely are multiple. It is noteworthy that mul- 
tiple thrombosis seems to be infrequent in 
patients with jaundice. *° 

Emotional disturbances, especially depression and 
anxiety, are said to be unusually common with 
carcinoma of the pancreas. These may be early 
manifestations, and such patients have been ad- 
mitted to mental institutions, '79:259.29%.319.338 an 
unfortunate error. Characteristically there is 
anxiety, obstinate insomnia and conviction of 
imminent danger without a feeling of unreality 
or distortion of orientation. Personal experience 
and discussion with other surgeons lead this 
author to the opinion that these manifestations 
may be the result of failure of the physician to 
make the correct diagnosis in patients with 
symptoms such as pain and they are by exclusion 
labeled as psychosomatic. One such patient seen 
in three excellent hospitals because of undiag- 
nosed abdominal pain, with completely negative 
studies, was considered a serious psychiatric 
problem and received psychotherapy until jaun- 
dice developed and on exploration she was 
found to have advanced disease. 

Diabetes is more common in carcinoma of the 
pancreas than in the general population, espe- 
cially when extensive tumor involvement is 
present.?*’.?72 It is reported in 10 to 13 per cent, 
(6,205) and glycosuria has been found in 25 per 
cent of patients (78,249) with carcinoma of the 
pancreas. It has also been stated that cancer of 
the pancreas is six to ten times more common in 
diabetic persons than in the general popula- 
tion.'®° Of 256 patients with carcinoma and 
diabetes, 13 per cent had pancreatic carcinoma, 
six times the normal ratio.!** If the diabetes is 
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not apparent, a diabetic curve will be found 
with the glucose tolerance test in 78 to 86 per 
cent of cases, 

Chills and fever may occur in as many as 50 per 
cent of patients with ampullary or papillary 
lesions but in only about 2 per cent of patients 
with lesions of the pancreas.!%*?°7.241 Jaundice 
and cholangitis are expected with these com- 
plaints and a gallbladder colic type of pain is 
frequently associated.**! In the past, multiple 
abscesses of the liver were frequently found in 
these patients at postmortem or at operation, 
and they still occur.®':!*! Low grade fever was 
observed in nineteen of thirty-three patients and 
an elevated white blood cell count in a high 
percentage of cases.'® 


PHYSICAL EXAMINATION 


The abnormal findings most commonly noted 
on physical examination are an enlarged liver, 
frequently hard, a distended gallbladder, tender- 
ness or resistence in the upper part of the abdo- 
men and a mass in the region of the pancreas. 
(Table v1.) Palpable enlargement of the 
liver is observed in 50 to 65 per cent of 
cases, Enlargement is not always 
due, as may be thought, to the presence of 
metastases but rather to distention of the liver 
and cholangitis,*!7 and/or fatty infiltration 
secondary to deficiency of lipotropic substance 
found to follow pancreatic deficiency. 
Such hepatic enlargement alone therefore should 
not preclude operation. Enlargement of 
the liver is more common with carcinoma of the 
head, 77.3 per cent, than with carcinoma of 
the papilla, “6.6 per cent, in the presence of 
icterus.?°7-2°8 \When present, metastases from car- 
cinoma of the pancreas or the ampullary region 
are usually small.'!:1®* Large masses in the liver 
are not necessarily metastases but may be benign 
lesions such as retention cysts.*° 

The gallbladder is enlarged to palpation 
in about 50 per cent of patients with jaun- 
dice. !8:41-65,77,163,178,207 Even in the non-icteric 
patients it is palpable in a significant number of 
cases.'°° At operation or postmortem the 
incidence of distended gallbladder has been 
found to be in the neighborhood of 90 per 
cent.77:115,178,203,215 Tn contrast, patients with 
jaundice and chronic pancreatitis were found 
to have a distended gallbladder in only 15 per 
cent of cases,'!5 and the incidence is even lower 
with common duct stones, as expected from 
Courvoisier’s law.”® 
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Recent reports have stressed the large num- 
ber of patients with associated gallbladder 
disease, varying from 15 to 52 per cent.!% 105,196, 
204,215,264,268,272,278 Stones were found in about 
20 per cent and common duct stones in 5 per 
cent of patients in one series.*°* The danger in 
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this coincidence is of course that the surgeon 
will be satisfied with the diagnosis of stone and 
miss the perhaps early carcinoma of the pan- 
creas. Hydrops of the gallbladder also occurs in 
a significant number of patients with common 
duct stones,'°®-'®* in opposition to Courvoisier’s 
law, so that this finding cannot be used as an 
absolute diagnostic sign. The use of curettings 
from the common duct for microscopic analysis 
has been shown to be diagnostic*** and should 
be of value in patients with stone in whom there 
is difficulty in entering the duodenum. 

Stenosis of the terminal common duct or 
fibrosis of the sphincter of Oddi and papilla 
and other benign conditions such as pancreatitis 
may mimic carcinoma of the papilla, and so are 
also diagnostic problems, both preoperatively 
and at operation. 

The finding of a mass in the region of the 
pancreas itself was much more common in the 
early series of possibly be- 
cause this was the only means of making the 
diagnosis. At present it is observed in ap- 
proximately 20 to 30 per cent of patients 
and these are usually but not always far ad- 
vanced, "These masses .are fre- 
quently tender. (310, personal observation). 

Splenomegaly may occur secondary to com- 
pression or thrombosis of the splenic vein.® 

Ascites is uncommon except as a late manifes- 
tation in carcinoma of the pancreas.1*-163,310 
When present ascites is due in most instances to 
peritoneal seeding but it may follow obstruction 
of the venous return by lymph nodes, hepatic 
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metastases or thrombosis.'? Edema of the legs 
occurs even less commonly. 


LABORATORY METHODS 


X-ray examination is of value in arriving at 
the correct diagnosis*®* but cannot be said to 
be of great value in the early case, although oper- 
able cases have been diagnosed by x-ray. !7+®)107 
The correct diagnosis is made in about 40 to 
50 per cent of the cases. !7:4°.!°7.141 Changes in the 
mucosal pattern and rigidity may occur with 
invasion of the duodenal wall, even without 
mucosal ulceration.”!:!41 Abnormalities of motor 
activity of the small bowel are even earlier 
manifestations. 

The signs most frequently found to be helpful 
are the inverted S sign of Frostberg,'!’ the pad 
sign of Case®? and a defect due to the dilated 
common duct or gallbladder.*?:®*!4! Circum- 
scribed filling defects or displacement of the 
coion or stomach may also be observed.!°*:!4! 
The frequency of ulceration of the duodenum 
and stomach with carcinoma of the pancreas 
sometimes may lead to a false diagnosis of 
ulcer.*°4.297 The finding of widening of the 
duodenal loop, frequently considered diag- 
nostic and sought by the uninitiated, is almost 
always too late for satisfactory treatment.!°7 

As might be expected from the position of the 
kidney in relation to the pancreas, displacement 
of this organ or of the ureter by the lesion, espe- 
cially if it be in the tail, may be helpful in rare 
instances,**:*88 although other retroperitoneal 
tumors more frequently displace the ureter.?** 

Visualization of the common duct, especially 
by intravenous cholangiography in the non- 
jaundiced patient, might conceivably demon- 
strate displacement, *** and aortography has been 
suggested as a means of distinguishing pan- 
creatic from renal lesions and cysts from malig- 
nant tumors.” Perhaps the most promising 
technic for diagnosis is the combination of 
retroperitoneal air and tomograms called pneu- 
mostratigraphy.'*° Further evaluation of this 
is in progress. Cholangiography and pan- 
creatography at operation are particularly 
valuable. *®:174 

Laboratory tests for use in diagnosis are very 
popular but do not seem to be of great value. 
Since Berk”® and Dreiling and Janowitz*® have 
given such excellent reviews of this subject it 
will be mentioned only briefly. 

The tests of liver function in the presence of 
icterus are those typical of biliary tract obstruc- 
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tion. Serum and urinary lipase and amylase 
may be elevated in patients with early block of 
the pancreatic duct, as with carcinoma of the 
ampulla or duct of Wirsung,?®:?*® but these 
enzymes may also be low in patients in whom 
the block has been prolonged with resultant 
destruction of the secreting pancreas, or in- 
volvement of much of the gland by tumor.*® 
Stimulation of the gland by secretin or other 
drugs also gives equivocal results for the same 
reasons. 
The serum antithrombin test suggested as a 
diagnostic measure for cancer of the pancreas'*’ 
and other tests of coagulability of blood?!®.?9!.*** 
have not been found to be definitive.**:®° 
Duodenal drainage,'** though a technically 
difficult procedure, is potentially of the greatest 
value and at present the only method available 
for obtaining a definitive diagnosis without sur- 
gery. Precise localization of an obstructive 
lesion is possible. If both biliary and pancreatic 
secretions are absent the obstruction must be in 
the head of the pancreas or the papilla of Vater. 
If the pancreatic and biliary flow are normal in 
volume the lesion must be hepatocellular, not 
obstructive. If the pancreatic secretions are 
ample despite biliary obstruction the lesion must 
be in the extrahepatic biliary system or there is 
an anomalous pancreatic duct, either a large 
duct of Santorini or other accessory ducts‘! or, 
less commonly, a separate entrance of bile duct 
and duct of Wirsung into the duodenum. 
With partial obstruction of the pancreatic 
duct there is a decrease in the quantity of bicar- 
bonate and enzymes in the pancreatic secretion 
but the relative concentrations remain the same. 
With chronic pancreatitis, on the other hand, the 
quantity of pancreatic secretion is normal but 
there is a decrease in the concentration of 
bicarbonate and enzymes. The greatest reduc- 
tion in the volume of pancreatic secretion in 
association with cancer, but without biliary 
obstruction, occurs in diffuse lesions.**:°® 
Duodenal drainage may also return blood 
which, in the presence of biliary obstruction 
and/or pancreatic duct obstruction, must 
be considered strongly suggestive of carci- 
noma. ®*-68,328 Gross blood in the drainage has 
been reported in 25 per cent of patients with 
carcinoma of the head of the pancreas and with 
38.4 per cent of ampullary carcinoma.*®’ The 
study of duodenal juice for the presence of 
malignant cells by the Papanicolaou technic has 
not been universally satisfactory but diagnostic 
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successes have been reported. '7°:19%?79 A positive 
diagnosis or suspicion of the diagnosis has been 
obtained in eleven of twenty cases of carcinoma 
of the liver, biliary tract or pancreas, with no 
false positives in thirty-eight cases.'7° The 
smallest carcinoma giving a positive diagnosis 
was 2 cm. in diameter.'’® A positive smear has 
been obtained in one case from the T-tube 
drainage of the common bile duct, which would 
suggest such examinations of bile drainage in all 
patients with external drainage for obstructive 
jaundice. 
TREATMENT 

Despite the disillusionment with resectional 
therapy for carcinoma of the pancreas in particu- 
lar,®* 145,244,328,331 and less so for carcinoma of the 
ampullary region, surgical excision or short- 
circuiting remain the only method of cure or 
satisfactory palliation. 

Radiation therapy may be helpful in pallia- 
tion especially of pain but has offered no known 
cures for this disease.?*®-?°* Similar results have 
been reported previously** with an average sur- 
vival of eight months in one series.*4° Survivals 
up to eighteen months have been recorded.?** 
Treatment by surgery together with local 
radium has been reported in carcinoma of the 
papilla with extended survival.':*'* The insertion 
or instillation of radioactive materials by fine 
tubes or threads at the time of surgery may offer 
advantage in the future. '** 

A hopeful note is found in postmortem statis- 
tics. Even at the time of death many tumors, 
especially those in the region of the ampulla or 
papilla of Vater, are found to be localized and 
technically resectable with the possibility of 
cure. As many as 75 per cent of 110 subjects 
with ampullary carcinoma were found to be 
without metastases in a series collected in 
1913.?8° Even in series limited t> carcinoma of 
the pancreas, obviously more .ulhcult to diag- 
nose and apparently more malignant, as many 
as 20 per cent have been found at postmortem 
to be free of apparent metastases and obviously 
resectable. 

The poor results in carcinoma of the pancreas 
and its immediate environs depend on several 
factors. The most serious defect is the inabii::; 
to make an early diagnosis not only preopera- 
tively but also at the time of operation. Bow- 
den®® and Carlson®® referred to the difficulty 
of making the diagnosis at operation and this 
author missed a very small tumor involving the 
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common duct found at postmortem to be an 
ideal case for resection.*®° 

In any large series, cases have been missed at 
exploration and other cases have been proved 
finally by biopsy after prolonged procedures but 
then lost because of complications such as pan- 
creatic fistula.'**° Even the pathologist when 
presented with the resected pancreas may miss 
the diagnosis, as in a case reported by this 
author.®® Because of these difficulties and be- 
cause of fear of spreading the cancer?* it has 
been suggested that resection should be per- 
formed if the clinical evidence and surgical 
exploration confirms the diagnosis, without 
extensive attempts at biopsy.®**:*!* Before this is 
done one should take advantage of the newer 
x-ray technics including: (1) cholangiogram by 
needle in the common duct, which might show 
the block due to tumor with characteristic 
irregularity and (2) retrograde pancreatic duct 
visualization by insertion of a polyethylene 
catheter, since diagnosis of tumor 
blocking the duct of Wirsung has been made 
by this technic.*** 

Biopsy through the duodenum?** or by a 
Silverman needle'** may be justifiable and may 
offer more promise without danger of spread of 
the disease. There is always the possibility of 
resection of a benign lesion?®.30.51B,55,251,264 byt 
this is less frequent and less serious than missing 
an early carcinoma, and has not occurred in at 
least two series. 

Pancreatectomy is said to have been success- 
fully performed first in 1882 by Trendelenburg*** 
for spindle celi sarcoma. Briggs*® in 1890 re- 
sected a large sarcoma of the pancreas, with 
survival. Other early operations were by 
Biondi”? and Terrier.*®* 

In 1887 Kappeler'®® described the first suc- 
cessful cholecystjejunostomy, with survival over a 
year. It was in this same year that the first adeno- 
carcinoma was successfully removed, through 
the loin, by Ruggi.?7* Other successful resec- 
tions of a carcinoma, of the tail, were by 
Cades**4 in 1895 and, of the head, by Tricomi*" 
in 1899. In 1906 Villar*®? was able to collect 
fifteen patients with resection of the pancreas 
for carcinoma, seven of whom survived opera- 
tion. The first reported attempt at resection of 
the head of the pancreas, duodenum and a 
portion of the stomach, with only a twenty-four- 
day survival, was by Codivilla in 1898.% 

An interesting successful resection of a tumor 
of the body of the pancreas with end-to-end 
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anastomosis was reported by Finney,'!? with a 
long term survival.!!* 

In 1898 Halstead first removed a carcinoma 
of the papilla of Vater by a transduodenal 
excision, with survival for several months. !*!:1*? 
Other cases, by Rixford, Mayo and others, 
quickly followed.?°!4:278 

The first resections of a cylindrical segment of 
the duodenum with the tumor and reimplanta- 
tion of the ducts was by Mayo-Robson and 
Korte. ‘Tuffier*!®4 in 1905 performed a 
more radical resection of part of the head of the 
pancreas with the papilla for carcinoma in a 
patient who had had a local excision of the 
papilla eighteen months previously. Neither of 
these patients survived, but Hirschel'° in 1914 
had a successful case in which the patient sur- 
vived for one year. 

In 1912 Kausch!*® carried out a procedure 
previously suggested by himself'®’ very similar 
to the present technics with resection of the 
first and second parts of the duodenum and 
head of the pancreas, then implantation of the 
end of the remaining pancreas into the distal 
duodenum, gastroenterostomy and cholecyst- 
enterostomy in one stage. The patient suc- 
cumbed to cholangitis three years later and at 
postmortem there was no evidence of cancer. 
Tenani*” had a similar success with a two-stage 
procedure in 1922. 

Desjardins** and Coffey®’ worked out and 
described the modern methods of pancreatec- 
tomy with reimplantation in animals but did 
not report any operations on patients. The 
modern period of surgery of the pancreas can 
be said to have followed the report of Whipple, 
Parsons and Mullens**! who described their 
two stage pancreaticoduodenectomy with chole- 
cystjejunostomy and gastrojejunostomy in 1937. 
Since then innumerable articles have been 
written on the subject of technic. These have 
been reviewed thoroughly in numerous surgical 
a PET 45-58,59,81,85, 87,88, 123,186, 192, 236,237,249, 269, 260, 
301,826,831 and in books, including those by 
Brunschwig** and Cattell and Warren. In 
essence, the chief differences are in regard to: 
(1) the type of biliary-intestinal anastomosis, 
(2) the necessity for implantation of the pan- 
creas into the gastrointestinal tract, and (3) 
the relative positions and distances between the 
biliary intestinal anastomosis, the pancreatico- 
enterostomy and the gastroenterostomy. In 
summary, it would seem desirable when feas- 
ible, but not essential, to preserve pancreatic 


function for the gastrointestinal tract and to 
make a choledochojejunostomy at some dis- 
tance above the in 
order to prevent or at least limit attacks of 
cholangitis. The choledochojejunostomy should 
be generous to prevent stricture, which is a 
serious complication. A one-stage procedure is 
favored except with certain contraindications.®° 
Serious consideration has been given to more 
radical procedures such as wider resection about 
the head with inclusion of the superior mesen- 
teric and portal veins or total pancreatectomy. 
Anatomic and pathologic data strongly support 
the desirability of the extensions. Even in 
the normal pancreas the superior mesenteric 
vessels, particularly the vein, are encircled 
by or actually covered by a thin layer of pan- 
creas!!0,170A,233,255,340 and so a total clean resec- 
tion even of the normal head of the pancreas 
could not be performed without incising gland 
tissue. In the presence of cancer, the incised 
gland might contain a tumor. The lymphatic 
drainage also follows these vessels and the 
splenic vein very closely.!°* It is a common ex- 
perience to find the tumor adherent to the 
portal vein®*:?° and many surgeons peel the 
tumor or inflamed gland off the portal vein, an 
obviously inadequate cancer operation even 
without pathologic evidence of tumor in the 
area. This is, of course, less common with car- 
cinoma of the ampulla or papilla.?% 

That resection of the portal vein is feasible 
has been shown clinically.*1:1% 197,215,254 Child 
has, in experimental animals and in three clini- 
cal cases, outlined the problems involved and 
demonstrated the feasibility of the procedure. 

Total pancreatectomy is indicated in many 
cases, perhaps ideally in all, because of the 
proved presence of tumor cells in the pancreatic 
ducts,® the instances of multiple tumors or seed- 
ing in the proximal (retained) pancreas,*** and 
the pathologic demonstration of tumor in the 
periphery of the resected gland even in many 
cases of ampullary carcinoma.”:?!> Total pan- 
createctomy with survival was proved to be 
feasible as long ago as 1900'!48 and several cases 
have been reported since. 111.127.263.274 Physio- 
logic studies®*® have shown amazingly 
good response to insulin, only 20 to 40 units 
being necessary in one case.*® 

The reasons for the relative frequency of a 
localized lesion at postmortem, *!:!%*:297 and the 
infrequent five-year cures, is difficult to deter- 
mine. It is possible that small metastases which 
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would progress rapidly in the patient are missed 
at postmortem. The frequency with which 
malignant cells are left behind in apparently 
normal tissue is a second factor.” A third factor 
is the frequency of mortality from the surgical 
procedure itself, particularly as a result of 
cholangitis, occasionally of malnutrition. The 
former should be and appears to be less serious 
with modern chemotherapy, and adequate 
medical management should minimize the 
latter. The possibility of spread by the use of 
open biopsy must be’ kept in mind and it has 
been considered undesirable for this reason, 
among others. 82 

Conservative surgical procedures still have 
an important place in the treatment of these 
malignant tumors. These include biliary-in- 
testinal anastomoses alone, **:®*:'!® usually chole- 
cyst- or choledocho- duodenostomy, **:747,7%9 gas- 
trostomy, or jejunostomy, and 
sometimes gastroenterostomy for the rare in- 
stance of duodenal obstruction by the tumor. 
Palliation with relief of jaundice and pain are 
usual, with prolonged survival compared to 
non-treated patients.®*:!78 An occasional long- 
term survival has followed.***® Certainly 
when in doubt it is indicated as a first-stage 
procedure. With obstruction of the pancreatic 
duct causing pancreatitis and poor digestive 
function, anastomoses of the pancreatic duct to 
the jejunum have been performed.*® Even more 
satisfactory might be the technic of terminal or 
caudal pancreaticojejunostomy suggested re- 
cently for chronic pancreatitis with obstruc- 
tion.*:°4 Cholecystostomy alone does not seem 
to be a desirable procedure because of the dis- 
tress of prolonged bile drainage and lack of 
significant survival. There is perhaps some room 
for debate concerning the abandonment of 
wide local excision of lesions of the papilla of 
Vater. '4*.144.239 By wide duodenotomy excision 
of a large area of duodenal mucosa with the 
papilla, ampulla and surrounding pancreas can 
be effected with reimplantation of the ducts into 
the duodenum, !*!:152,143 and this can be accom- 
plished with a much lower mortality than the 
31.1 per cent reported in the past.'** 


SURVIVAL 


It has been stated in the past that a patient 
with carcinoma of the pancreatic area would 
live longer without operation,'** and more re- 
cent pessimistic reports may have led physicians 
to return to this attitude.**:744:5?8 Present statis- 
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tics certainly do not support this conten- 
tion. *-°4,55,65,163,178 The average survival after 
diagnosis without treatment is about three weeks 
to 2.5 months, after radiation therapy 
eight months,**° after palliative biliary-intes- 
tinal anastomosis 5.4 to 13.9 months, 151,301 and 
after excision surgery 10.5 to 25.8 months®: 186,301 
The mortality for the various operations has 
varied remarkably.®* 65,301,331 

Hunt,'** in his 1941 review of local excision of 
109 patients with carcinoma of the papilla, 
reported an operative mortality of 31.1 per cent, 
and of the seventy-five survivors 41 per cent 
were reported to be living and well for one to 
nine years after operation. The longest survival 
period was twenty-two years and fourteen pa- 
tients had survived from three to twenty-two 
years. 

Radical pancreatoduodenectomy for carci- 
noma of the pancreas and periampullary region 
originally had a very high mortality, in early 
series 20 to 30 per cent. 
mortality for carcinoma of the ampulla has been 
consistently lower than that for carcinoma of the 
pancreas. °*:°°.2°7 More recent statistics have been 
much improved; in one series of 102 cases an 
over-all mortality rate of 12.7 per cent, with 
17.3 per cent for the lesions of the pancreas and 
6.6 per cent for ampullary or papilla lesions.** 
These figures have decreased even more in late 
years, in recent series to an over-all mortality 
rate as low as 7.3 per cent®® and 8.3 per cent.*#! 

The survival rate and duration is much 
greater for carcinoma of the ampullary region 
than for carcinoma of the head of the pancreas. 
Cattell and Warren®® report three of ten (30 per 
cent) possible five-year survivors for ampullary 
carcinoma, and two of eighteen (11 per cent) 
of patients with carcinoma of the head of the 
pancreas living and well after five years. Of 
those with ampullary lesions two were surviving 
nine years and one ten years after resection. 
Miller and Clagett?®’ reported two five-year 
survivors of carcinoma of the head of the pan- 
creas. In one collected series of 150 patients 
with carcinoma of the head there were three 
five-year survivors and only nine were living 
more than eighteen months after operation. 

The most recent statement of five-year sur- 
vivals recorded twenty-three instances,®* eleven 
of carcinoma of the head of the pancreas and 
twelve of carcinoma of the ampulla. In their 
personal series Dennis and Varco had two of 
each surviving for five or more years from 
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twenty-three resected and forty-six total cases 
seen, a five-year survival rate of 21 per cent and 
10.5 per cent, respectively.*? In another group 
of thirty-seven cases, twenty-seven proved 
pathologically with eight resections, there were 
two five-year survivors, 5.1 per cent of the total 
cases, 7.4 per cent of the proved cases and 
25 per cent of the resected cases. One of the 
patients with carcinoma of the head of the 
pancreas survived nine years, only to succumb 
to another disease, and at postmortem there 
was no evidence of cancer. Four additional cases 
of carcinoma of the head of the pancreas,*® by 
Cattell and Warren,®* Glenn and Hays,'?! 
Moore and Younghusband,?’® and Pratt and 
Welch,?® and a case of ampullary carcinoma by 
Glenn and Hays**! should be included. 

Many patients who survived less than 
five years, who at postmortem showed no resi- 
dual cancer, certainly were potentially cured 
patients. ®! 

The reasons for the better survival from lesions 
of the papilla are obvious. These include: the 
lower incidence of vascular and _ perineural 
involvement (37 per cent and 60 per cent for 
carcinoma of the head of the pancreas and 
6.6 per cent and 0 per cent for the ampullary 
lesions), the lower incidence of lymph node 
metastases (60 to 75 per cent for carcinoma of 
the head of the pancreas and 30 per cent for 
the ampulla) and invasion of the transected 
common duct in 15 per cent of the patients with 
lesions in the head of the pancreas compared to 
none with ampullary carcinoma.*:?% 

In summary, it seems logical to state that the 
results of treatment for carcinoma of the pan- 
creas, and of papilla of Vater and periampullary 
area, are better than commonly realized but 
are still open to marked improvement. This 
improvement will depend upon early suspicion 
of the diagnosis followed quickly by adequate 
treatment. The possibility of carcinoma of the 
pancreas should be considered in all patients 
with persistent, unexplained abdominal pain 
accompanied by weight loss and weakness. 
Diarrhea developing in or beyond middle age 
without demonstrable cause, especially if asso- 
ciated with creatorrhea or steatorrhea, should 
arouse suspicion. Associated psychologic changes 
and aversion to food rather than simple anorexia 
should add to the suspicion. Of course those 
with jaundice should be immediately explored. 
The associated development of diabetes should 
strengthen the suspicion. Any such patient 
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should be thoroughly examined as rapidly as 
possible and in particular should have duodenal 
drainage studies, if available, with adequate 
evaluation. With persistent symptoms early 
exploration is indicated. This should include 
mobilization of the pancreas, careful observa- 
tion for ductal dilatation, cholangiogram, duo- 
denotomy and retrograde visualization of the 
duct of Wirsung by contrast media, and biopsy 
through the duodenum if a tumor is palpable 
(needle biopsy may be desirable). If a distinct 
tumor is felt, resection should be performed. 
If the surgeon cannot satisfy himself as to the 
differentiation of pancreatitis from carcinoma, 
judgment will determine the justification for 
resection or palliative operation, probably 
with re-exploration after subsidence of the 
pancreatitis. 
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Renal Lesions and Acute Renal 


Failure in Pregnancy’ 


E. OBer, M.D.,f DuNncAN E. Remp, m.p., SEyMouR L. ROMNEY, M.D. and 
JoHN P. MERRILL, M.D. 


Boston, Massachusetts 


CUTE reduction of renal function is observed 
A in pregnancy under a variety of circum- 
stances. Frequently, the oliguria or anuria is of a 
transient nature lasting only a few hours or at 
most two to three days. This may characterize 
the reaction of the kidneys to a brief hypotensive 
episode or to a severe pregnancy toxemia. When 
decreased urine output persists beyond these 
limits, the condition must be regarded as acute 
renal failure and the patient will pursue a pro- 
tracted clinical course resulting either in re- 
covery, with or without permanent renal dam- 
age, or in death. Pregnancy is a major factor in 
the etiologic background of the general problem 
of acute renal failure, a fact which becomes self- 
evident in hospitals with special facilities to 
care for these patients. Some 20 to 40 per cent of 
cases of acute renal failure are associated with 
pregnancy complications. Stating it another 
way, in female patients with acute renal failure, 
about 50% are or have recently been pregnant.’ 

The purpose of this work is to survey and clas- 
sify the kidney lesions associated with preg- 
nancy, particularly those involved in acute renal 
failure. Although such pathology cannot be 
considered out of the context of obstetrical 
complications, the emphasis will be on the back- 
ground, cause and development of the renal le- 
sion and its significance in terms of immediate 
survival and residual renal damage. The role of 
pregnancy toxemia, whether complicated or 
not, in relation to adverse effects on the struc- 
ture and function of the kidneys will be assessed. 
Considerations will be given to those aspects of 
pathogenesis which make renal complications 


preventable or, if not preventable, manageable. 
Inherent in this study is the fundamental ques- 
tion whether or not the kidney of a pregnant 
woman is more vulnerable to injury. Further, on 
review of the patient’s history, can the clinician 
interpret the nature of the renal lesion in an 
individual with depressed renal function? As a 
practical corollary, it is possible to offer a 
prognosis of the chance of recovery and the 
likelihood of permanent renal damage? 

Several cases are included in the survey in 
which renal lesions were found at autopsy but 
in which no significant decrease in urinary 
output had been noted clinically. These serve to 
illustrate the range of renal changes found 
in women dying while pregnant or in the 
puerperium. 

MATERIAL 

Anuria in this study is defined as a urinary 
output of 100 ml. or less for a twenty-four-hour 
period, or as prorated. Oliguria is defined as a 
urinary output of 100 to 400 ml. for any given 
twenty-four-hour period, or as prorated. 

This report is based upon eighty cases of 
depressed renal function; death occurred in 
forty-nine and autopsies were performed on these 
patients. Of the latter number, thirty-nine were 
observed at the Boston Lying-in Hospital during 
the years 1931 to 1948 prior to the adoption of 
hemodialysis as a method of treatment. The ten 
remaining patients who died and the thirty-one 
patients who survived were cared for at the 
Peter Bent Brigham Hospital. During these years 
physicians in New England and elsewhere re- 
ferred patients with acute renal failure to this 
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hospital for treatment because of the availability 
of a Kolff-Merrill artificial kidney for dialysis. 
The fatal cases are classified anatomically in 
Table 1. The non-fatal cases are clinically classi- 
fied in Table 1. Table m1 lists the ten fatal cases of 
the forty-one which were treated at the Peter 
Bent Brigham Hospital from 1948 to 1954, in- 
clusive. The current mortality is 25 per cent. 


Fatal Cases 


Toxemia of Pregnancy. Severe toxemia was 
encountered in thirteen (26.5 per cent) of the 
fatal cases. With two exceptions, they were of 
the convulsive type. As far as can be determined, 
these were cases of unprovoked toxemia, that is, 
there was neither history nor physical nor labora- 
tory findings to suggest antecedent glomerulo- or 
pyelonephritis, or cardiovascular renal disease. 
The majority of the patients (eight of thirteen) 
were primiparous. Five patients had anuria, but 
it is noteworthy that none had complete sup- 
pression of urinary excretion. In four of the five 
patients, the urinary output became markedly 
reduced shortly before the onset of convulsions. 
In the remaining patient anuria developed 
twelve hours prior to convulsions. The urinary 
output improved and increased steadily after 
delivery, but the patient died four days post- 
partum with severe aortic stenosis. Four of the 
patients with severe toxemia had oliguria which 
was limited to the acute phase of the illness and 
which disappeared promptly after the convulsive 
episodes had passed. In four patients there was 
no significant suppression of urinary output. 

The renal lesion of convulsive toxemia has 
been studied by many writers since the original 
description by Fahr. In essence the kidney find- 
ings consist of thickening, reticulation and even 
splitting of the basement membrane of the 
glomerulus. (Fig. 1A.) Associated with this is the 
description of “swollen, ischemic” glomeruli, an 
observation so non-specific that it is meaningless. 
In an occasional case of fatal eclampsia, focal 
necrotizing arteriolitis usually in the afferent 
arteriole has been described. (Fig. 1B.) Lesions 
of the renal vascular tree commonly associated 
with hypertension, such as hyalinization of 
afferent arterioles or muscular hypertrophy of 
interlobular arteries, have been described in 


cases of toxemia in persons with a history of 
antecedent hypertension. 

In the thirteen fatal cases of toxemia here 
cited, glomerular lesions were found in ll. 
However, autopsies were performed in fifteen 
additional cases in which eclampsia occurred 
without reduced renal excretion. These were 
reviewed but are not included in this study. In 
none of these cases were convincing renal lesions 
of any type evident despite adequate routine 
sections and basement membrane stains. In 
other words, glomerular lesions were present in 
slightly less than 50 per cent of the cases of 
eclampsia in which autopsies were performed. 
Furthermore, in the thirteen cases in which le- 
sions were identified, the most striking observa- 
tion was that well over 90 per cent of the glom- 
eruli were normal in appearance. Whatever 
changes were present were restricted to rela- 
tively few glomeruli, and even in the involved 
glomeruli, the histologic alterations were focal or 
segmental in distribution. In only two of the 
thirteen cases in this series, could one say that 
glomerular lesions were found with ease or with 
some frequency. (Figs. 1C and 1D.) Both of 
these cases exhibited necrotizing arteriolitis 
in an occasional afferent arteriole. In these 
cases, hypertension was known to have devel- 
oped several weeks prior to death. 

Tubular lesions are not a conspicuous feature 
in patients who die of uncomplicated toxemia of 
pregnancy. Not infrequently, ‘“‘hyaline droplet 
degeneration” is described in tubular epithelial 
cells. In the present thirteen cases “hyaline drop- 
lets’”” were observed in eleven. (Fig. 2A.) Necrosis 
of tubular epithelium, cast formation or tubular 
rupture was not observed in any of the uncom- 
plicated cases. The one exception to this was a 
case of toxemia, complicated by an episode of 
hemolysis, in which renal failure developed and 
the patient died of potassium intoxication. An 
element of hemorrhagic shock superimposed 
upon this patient’s toxemia appears in the back- 
ground but cannot be accurately documented. 
The details of this case are as follows: 


Y. R., aged twenty-nine years, gravida 1, Para 1, was 
referred because of postpartum anuria. From the 
patient’s history it appeared that the pregnancy had 
been normal and uneventful until the thirty-second 
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Convulsive toxemia. A, glomerulus showing thickening of the basement membrane focally distributed in 
peripheral loops; hematoxylin and eosin, X 300. B, the glomeruli are normal. An arteriole shows segmental “‘smudgy” 
necrosis of its wall; hematoxylin and eosin, X 125. C, the basement membrane of most of the capillary loops are of nor- 
mal thickness. One capillary loop shows pronounced thickening of the basement membrane; periodic acid stain, 
X 300. D, there is diffuse thickening of the basement membrane of the entire glomerulus; periodic acid stain, X 300. 
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gestational week. Her course then became complicated 
by the insidious onset of edema involving ankles, 
hands and face. The patient was locally hospitalized 
the following week when the biced pressure rose to 
210 systolic and 120 diastolic and was associated with 
intermittent vomiting. Three days after admission 
oliguria developed and failed to improve despite a 
conservative regimen of fluid and salt restriction. 
Induction of labor by amniotomy was performed suc- 
cessfully and spontaneous pelvic delivery occurred 
in the thirty-third gestational week. The delivery was 
complicated by postpartum hemorrhage. However, 
the record is not clear as to whether the hemorrhage 
was severe or not and exactly what therapeutic meas- 
ures were instituted. The puerperium was complicated 
by many convulsions, vomiting and a persistent de- 
cline in urinary output. 

The patient was admitted to the Peter Bent 
Brigham Hospital on the second postpartum day. 
Physical examination revealed an acutely ill, edema- 
tous woman. There was no evidence of pulmonary 
edema. The heart sounds were normal. Other physical 
findings except for the edema were not noteworthy. 
Admission blood chemistry determinations revealed a 
blood urea nitrogen of 126 mg./100 ml., sodium 
139 mEq./L., potassium 6.0 mEq./L. and calcium 
4.0 mEq./L. The initial electrocardiogram was nor- 
mal. The blood potassium rose slowly to 6.4 mEgq./L., 
then to 7.0 mEq./L. Two days after admission the 
peripheral reflexes were somewhat diminished and the 
electrocardiogram showed changes consistent with 
early hyperkalemia. Dialysis with the artificial kidney 
was considered at this time. However, because of the 
potential dangers of heparinization in a recent post- 
partum patient, it was deferred. Unfortunately, 
within a matter of two hours marked gross cardiac 
arrhythmia and electrocardiographic disintegration 
characteristic of advanced hyperkalemia occurred in 
the patient. She died within approximately forty 
minutes on the fifth postpartum day. 

Postmortem examination revealed that the right 
kidney weighed 220 gm. and the left kidney weighed 
240 gm. The capsular surface was smooth and the con- 
sistency of the kidneys was firm. On section, the cortex 
was congested and separated from a pale medulla by a 
distinct zone of pallor at the cortico-medullary junc- 
tion. Microscopic examination revealed heme casts 
and albumin casts in the tubules in the medulla as well 
as granular albuminous precipitate in the tubules of 


the cortex. (Fig. 2B.) Actual tubular necrosis was 
slight and scattered. Focal infiltrates of lymphocytes 
and eosinophiles were present in the interstitial tissues 
of the medulla and a few instances of tubulorrehexis 
were seen. The glomeruli did not show changes con- 
sistent with eclampsia. The liver weighed 1,820 gm. 
and was firm with a tense capsule. The liver surface 
was mottled with reddish areas of hemorrhage and the 
cut surface revealed these hemorrhages to be irregular 
and confluent, a few grayish yellow areas of non-hem- 
orrhagic necrosis were also seen. Approximately one- 
third of the liver was so damaged. (Figs. 2C and D.) 


The clinical sequence was acute severe 
toxemia, postpartum hemorrhage and convul- 
sions with anuria. As the result of extensive 
acute hepatic necrosis and hemolysis, the patient 
died of rapidly progressing potassium intoxica- 
tion which caused cardiac arrest although the 
urinary Output was increasing at the time. A 
hemolytic crisis has been observed on rare 
occasions in pregnancy toxemia and from recent 
reports” it is evident that such patients can die 
with acute tubular necrosis. Although the 
mechanism of the hemolysis is unknown, this 
patient, in common with those reported, had 
extensive necrosis of the liver.” 

Bilateral Symmetrical Cortical Necrosis of the 
Kidneys. The first authentic example of this 
dramatic lesion was reported by Juhel-Rénoy? 
in 1886. A subsequent report by Bradford and 
Lawrence* confirmed Juhel-Rénoy’s observa- 
tions and pointed out the presence of extensive 
‘“‘endarteritis’’ of the major renal vessels in the 
non-necrotic portions of the kidney, an observa- 
tion which assumes significance in the light of the 
present study. Bilateral cortical necrosis of the 
kidney is not entirely restricted to pregnant 
women who have sustained uteroplacental 
apoplexy. Although about 80 per cent of the 
reported cases occur in association with this 
latter condition, the remainder are seen at 
random in adult males, non-pregnant women 
and in infants following a variety of etiologic 
backgrounds but notably associated with sepsis 
in some form. 


Fic. 2. A, pyelonephritis. A portion of a wedge-shaped cortical scar showing destruction of renal substance, infiltration 
by lymphocytes and plasma cells and various stages of periglomerular fibrosis; hematoxylin and eosin, X 75. B, pye- 
lonephritis. An end point of the lesion. Complete hyalinization of glomeruli thickening of vessels, colloid casts in atrophic 
tubules and a heavy inflammatory exudate are all present; hematoxylin and eosin, X 75. C, toxemia of pregnancy com- 
plicated by acute tubular necrosis. Severe hemorrhage developed following pelvic delivery at the thirty-third week. 
There was no uteroplacental apoplexy. The patient died with anuria and uremia. The photomicrograph illustrated the 
heme casts found in many of the renal tubules. No glomerular lesions were found; hematoxylin and eosin, X 150. D, 
hyperemesis gravidarum. High power view of proximal convoluted tubules showing cytoplasmic vacuolation. Pre- 
sumably this lesion reflects depletion of body potassium. It is currently fashionable to call this “hypokalemic vacuolar 
nephropathy;”’ hematoxylin and eosin, X 225. 
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The usual clinical sequence of events in cases 
of renal cortical necrosis in pregnancy is fairly 
characteristic: extensive abruptio placentae, 
delivery of a stillborn infant, varying degrees of 
hypotension, anuria, uremia and _ generally 
death in seven to fourteen days. It is only with 
some reservation that the diagnosis can be 
made short of autopsy. However, a well-docu- 
mented case report by Crook® indicates that not 
only can the diagnosis be made by biopsy of the 
kidneys (in this instance at the time of surgical 
decapsulation of the kidneys), but that recovery 
is possible! * 

In the present series there were seven cases of 
anuria in which renal cortical necrosis was 
evident. All showed extensive areas of bilateral 
necrosis and all proved fatal. In view of the fact 
that this communication deals with the anurias 
and oligurias associated with pregnancy, it is not 
surprising that in all seven cases there was a his- 
tory of toxemia complicated by abruptio pla- 
centae. The clinical features of these cases are 
summarized in Table tv, while the findings at 
autopsy are presented in Table v. In two of these 
fatalities, hemodialysis was performed. A more 
detailed abstract of the history of one case is 
herewith included. 


* Recently, two cases of renal cortical necrosis in 
which needle aspiration biopsy of the kidney was per- 
formed during life have come to our attention. In the 
first case (which we mention through the courtesy of 
Doctors William Caton and Walter Sheldon of the 
Grady Memorial Hospital, Atlanta, Georgia) the patient 
recovered. (Fig. 4B.) In the second case (courtesy of 
Doctor Gustave J. Dammin, Peter Bent Brigham Hospi- 
tal, Boston, Mass.) the patient died. Interpretation of 
small biopsy specimens of the kidneys is fraught with 
uncertainty. Were it not for the insight afforded by 
Sheehan and Moore* to the effect that cortical necrosis 
is not always generalized and diffuse, it would be difficult 
to discriminate among the three cases mentioned in which 
biopsies were performed. However, in the two cases in 
which the patients recovered, the cortical necrosis was 
focal in nature. In the fatal case, the tissue aspirated 
showed only necrotic cortical tissue, compatible with the 
observation at autopsy of a diffuse, generalized necrosis. 
Through the courtesy of Doctor Arnold J. Rawson, Nor- 
folk General Hospital, Norfolk, Va., we have had the 
opportunity to study the pathological material in a case 


Case vi. This twenty-two year old gravida tv, Para 
i, was admitted on the sixth postpartum day from 
an out-of-state hospital because of oliguria, azotemia 
and pulmonary edema. There was no known history of 
previous renal disease but the patient had been hyper- 
tensive between pregnancies. 

The first pregnancy, complicated by hypertension, 
albuminuria and edema, terminated in a premature 
delivery of a viable baby. The second pregnancy 
ended in a spontaneous abortion at two and one-half 
months. The third pregnancy eventuated in premature 
separation of the placenta at seven months with the 
delivery of a dead baby. 

The fourth and present pregnancy resulted in pre- 
mature separation of the placenta followed by delivery 
of a dead baby. No shock was noted clinically at the 
time, nor was jaundice observed. Following delivery 
anguria developed (renal output of less than 100 ml./ 
day) and the patient’s blood non-protein nitrogen rose 
to over 100 mg./100 ml. 

On admission, the blood pressure was 176/100. 
On physical examination the heart was enlarged and 
there was a pericardial friction rub. Signs and symp- 
toms of pulmonary edema were present. The liver was 
palpable three fingers below the costal margin. The 
urine showed 4-plus albumin, the sediment contained 
20 to 30 white blood cells per high power field, 


of renal cortical necrosis which developed in a thirty- 
three year old woman who had suffered from Cushing’s 
disease with sustained hypertension for ten years. Un- 
known to herself or her physician pregnancy occurred and 
following seven months of amenorrhea the patient was 
admitted to the hospital with signs and symptoms of a 
cerebrovascular accident. Five days later the patient 
suddenly went into labor and rapidly delivered a living 
premature infant. There was no overt evidence of prema- 
ture placental separation. Following delivery, the patient 
was in shock and anuric. She died on the second day 
following delivery with a rising plasma non-protein nitro- 
gen and a falling CO. combining power. Autopsy dis- 
closed the cause of death was cerebral hemorrhage. There 
was a basophilic adenoma of the pituitary. The liver 
showed extensive areas of hemorrhagic necrosis. The 
heart weighed 400 gm. and was concentrically enlarged. 
The kidneys weighed 240 gm. and 220 gm. respectively 
and were the seat of typical patchy areas of cortical 
necrosis. The arterial tree of the kidneys showed the 
effects of hypertension of long duration with pronounced 
intimal thickening of the vessels as well as moderate 
medial hypertrophy. Thrombi composed of fibrin and 
platelets were present in a few of the interlobular arteries. 


Fic. 3. A, Case v, a thirty-seven year old woman with bilateral symmetric renal cortical necrosis. The sclerosis of 
arcuate arteries has progressed to intimal hyalinization in this artery; hematoxylin and eosin, X 175. B, same case. Low 
power view of a needle biopsy showing the characteristic coagulation necrosis of glomeruli and tubules as well as 
interstitial infiltration; hematoxylin and eosin, X 90. (Courtesy of Drs. William Caton and Walter H. Sheldon.) 
C, Case tv a thirty-two year old woman with bilateral symmetric renal cortical necrosis. The liver shows extensive 
necrosis, both hemorrhagic and coagulation types. It is inferred that the rapid rise in serum potassium was influenced 
by this destruction of liver cells; hemotoxylin and eosin, X 40. D, Case n, a forty year old woman with bilateral 
symmetric cortical necrosis. The pituitary showed partial infarction necrosis. This high power view shows a fibrin 
thrombus in a sinusoid between the zone of infarction and the spared parenchyma; hematoxylin and eosin, X 300. 
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Fic. 4. Case 1, a thirty-three year old woman with bilateral symmetric renal cortical necrosis. Low power view showing 
the extent of gross necrosis. Note the spared zones beneath the capsule and at the cortico-medullary junction. Note also 
the thrombosis of interlobar and interlobular arteries. (This photomicrograph was taken by Dr. Arthur T. Hertig 


who has graciously permitted the authors to publish it.) 


and many granular casts. The blood urea nitrogen was 
90 mg./100 ml., CO. 12.2 mEq./L., Na 145 mEq./L., 
K 5.2 mEq./L. and Cl 111 mEq./L., respectively. 
The patient was treated with penicillin, testosterone, 
digitalis and a balanced fluid intake. Dialysis was per- 
formed on the seventh and ninth hospital days (thir- 
teenth and fifteenth postpartum days). The second 
dialysis resulted in a fall of blood urea nitrogen from 


225 mg. per cent to 47 mg. per cent, the K from 6.8 
mEq./L. to 6.0 mEq./L. and a rise in the CO, from 
8.0 to 18.3 mEq./L. Despite chemical improvement. 
pulmonary edema persisted and the patient died on 
the sixteenth postpartum day. 


In summary, in this group of seven multi- 
parous patients with renal cortical necrosis 
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the renal !esion developed in all following toxic 
separation of the placenta. Five of the patients 
were over thirty years old; two were in the 
twenties. During the final pregnancies, hyper- 
tension and albuminuria had developed in all. 
Six of the patients had no history of toxemia in 
previous pregnancies while one had several 
toxemic pregnancies. The status of blood pres- 
sures could not be ascertained between preg- 
nancies or in the early weeks of the present 
pregnancy except in two patients who were 
known to be hypertensive. }'~ of the patients 
survived from seven to sixteen days following 
delivery. The seventh patient survived only little 
more than one day, dying with electrocardio- 
graphic changes consistent with acute hyper- 
potassemia, presumably secondary to massive 
necrosis of liver parenchyma. In addition to this 
case, only one other patient showed necroses 
in the liver at autopsy and these were focal. The 
pituitary showed necroses in three patients; 
in two of these it was extensive ischemic necrosis 
without demonstrable thrombosis; in one patient 
the hypophyseal necrosis was focal and asso- 
ciated with small fibrin-platelet thrombi in the 
sinusoids. (Figs. 3 and 4.) 

The renal cortical necrosis was bilateral and 
symmetrical in all cases. In four cases, the necro- 
sis was “‘gross” as classified by Sheehan and 
Moore’s** criteria; in the other three cases, it was 
‘confluent patchy” involving more than 75 per 
cent of the renal cortex. Apart from this slight 
quantitative difference, there was no significant 
qualitative difference among the seven cases. In 
each case there was extensive thrombosis of the 
renal arterial tree; the thrombi contained fibrin, 
platelets and entrapped red and white blood 
cells. The thrombosis was chiefly in the inter- 
lobular and interlobar arteries but the process 
could be seen in the afferent arterioles and 
occasionally in loops of the glomerular tuft. 
There was no morphologic evidence to support 
the notion that the thrombotic process was 
initiated in the afferent arteriole and underwent 
retrograde propagation. Likewise, there was no 
conspicuous necrosis of the media of vessels in 
which thrombi were present, except to a limited 
extent in the middle of zones of the most intense 
ischemic infarction. The primary process in the 
kidney was one of ischemic coagulation necrosis 
of all elements in the cortex as a consequence of 
the arterial thromboses. Secondary effects were 
noted in the medullary tubules as well as in the 
limited zones of spared cortical tissue. Jn every 
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case there was a degree of nephrosclerosis in the 
arcuate and interlobar arteries proximal to the 
segments in which thrombosis had occurred. In 
three cases this arteriosclerosis was moderate, in 
one case moderate to marked and in the remain- 
ing three cases pronounced. In all cases the 
sclerotic process consisted of intimal thickening, 
fibrosis and hyalinization with reduction of the 
caliber of these vessels; the process was diffuse 
and not merely found at random. In two of the 
cases of renal arteriosclerosis classified as ‘‘mod- 
erate,” the women were twenty-two and twenty- 
five years old respectively; for women in this age 
group, such arteriosclerotic changes must be 
construed as advanced in relation to their age. 
In two of the cases classified as ‘‘pronounced,”’ 
the women were in their late thirties and the 
lesions would be considered advanced even for 
much older women. We interpret this type of 
renal arteriosclerosis as the morphologic back- 
ground upon which cortical necrosis is more 
likely to develop following abruptio placentae 
than where the renal arterial tree is considered 
normal. (Figs. 5 and 6.) 

Acute Tubular Necrosis. Of forty-nine fatal 
cases, nine patients (18 per cent) died with le- 
sions restricted to the renal tubular epithelium. 
These lesions are similar to those described by 
Lucké® as “‘lower nephron nephrosis,” and by 
Bull et al! and Oliver’ as ‘‘acute tubular necro- 
sis.”’ In this discussion we employ the latter term 
because the destruction of tubular epithelium is 
not of necessity confined to the lower portion of 
the nephron, nor is the term “‘nephrosis”’ indi- 
cative of the nature of the cellular lesion. 
Eight of the nine patients were anuric at some 
time during their clinical course; one patient was 
oliguric and is classified in the miscellaneous 
group in Table 1. 

A brief survey of the history of these cases 
indicates that in all instances there was an 
episode of hypotension, usually a consequence 
of hemorrhage or intravascular hemolysis which 
preceded the development of renal failure and 
which in some instances was an unfortunate 
extraneous complication of the therapy em- 
ployed rather than an inherent complication of 
the pregnancy itself. (Table v1.) 

In summary, the common denominator in 
these nine cases of acute tubular necrosis was 
shock, due to extensive hemorrhage, intra- 
vascular heme. ysis or severe sepsis. In only one 
case was toxemia a feature. Massive, sudden 
intravascular hemolysis was encountered in 
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three patients while severe external hemorrhage 
involved five cases. Shock was associated with 
one case of peritonitis. (Fig. 7.) 

Pyelonephritis. In this category, we have in- 
cluded a variety of renal infections. Of the forty- 
nine fatal cases, eight patients had pyelonephritis, 
three of these were associated with oliguria and 
five were without significant depression of renal 
output. It would appear that the absence of 
oliguria does not serve, in pregnancy, to differ- 
entiate between patients with pre-existing 
chronic pyelonephritis from those with an acute 
initial infection of the kidneys. 

Three patients exhibited an acute hematog- 
enous infection from E. coli, streptococcus and 
B. welchii, respectively, followed by an inhibition 
of renal function. Death intervened in three to 
eight days as the consequence of overwhelming 
bacteremia. The acute depression in urine out- 
put was attributed to a diminished renal 
reserve in the presence of serious infection 
and was not primarily associated with under- 
lying glomerular or tubular disease. In only 
one of the five patients who died, without 
significant depression of renal output, could the 
renal lesion be considered the cause of death. 
Furthermore, in only two of the five patients, 
were the renal findings morphologically com- 
parable to those described by Weiss and Parker*® 
in their description of chronic pyelonephritis. 
The renal lesions noted in the remainder of the 
patients were purely incidental playing no 
important part in the clinical picture. Although 
these deaths occurred in the era prior to effec- 
tive antibiotic therapy, they emphasize the 
inherent risk of severe renal infection in the 
pregnant woman. Chronicity of pyelonephritis 
and its tendency to recur and exacerbate are 
known obvious features. Less obvious is the fact 
that such cases in pregnancy are rarely diagnosed 
correctly until the patient is severely ill. The 
pathologic nature of long standing chronic 
pyelonephritis encountered in two cases in which 
no abnormality of kidney function was demon- 


strable can be seen in Figures 5A and B. The lat- 
ter is from a case in which the left kidney weighed 
but 25 gm. and in which the entire renal paren- 
chyma was completely destroyed. The right 
kidney weighed 150 gm. and also showed exten- 
sive chronic pyelonephritis, but an occasional 


TABLE I 
FATAL CASES OF DEPRESSED RENAL FUNCTION 


1. Patients with Anuria 
Acute tubular necrosis 
Bilateral renal cortical necrosis. . 
Convulsive toxemia 
Miscellaneous 


u. Patients with Oliguria 
Pyelonephritis 
Convulsive toxemia 
Acute tubular necrosis 
Miscellaneous 


m. Patients with No Decreased Urinary Output 
Pyelonephritis 
Pre-eclamptic toxemia 
Convulsive toxemia 
Vomiting of pregnancy 
Miscellaneous 


functioning nephron unit could be seen. (Figs. 
6A and B.) 

Vomiting of Pregnancy. ‘This group of four pa- 
tients was observed between 1931 and 1933. It 
includes a thirty-one-year-old primigravida in 
whom uncontrolled vomiting developed at three 
and one-half months; a twenty-five-year-old 
primigravida in whom uncontrolled vomiting 
developed at four months; a thirty-four-year-old 
gravida five, with previous normal pregnancies 
in whom uncontrolled vomiting developed at 
four and one-half months and a twenty-two- 
year-old primigravida in whom severe vomiting 


Fic. 5. A, Case m, a thirty-seven year old woman with bilateral symmetric renal cortical necrosis. Low power view 
showing infarctive necrosis of the renal cortex. There is extravasation of erythrocytes into the interstitial tissue but 
the outlines of cortical architecture are well preserved; hematoxylin and eosin, X 25. B, same case. Medium power 
view showing boundary between infarcted cortex and “spared zone.”’ Hemorrhagic necrosis of a glomerulus and hemor- 
rhage into a tubule are shown; hematoxylin and eosin, X 100. C, Case vn, a twenty-five year old woman with bilateral 
symmetric renal cortical necrosis. Low power view showing a branching thrombus in an interlobular artery and its 
subdivisions. The surrounding cortex shows coagulation necrosis; hematoxylin and eosin, X 30. D, same case. Detail 
showing thrombus extending along an afferent arteriole up to a glomerulus. The pattern of fibrin formation is from the 
side of the interlobular artery toward its center. There is no morphologic evidence of progressive retrograde thrombus 


formation; hematoxylin and eosin, X 90. 
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developed at eight months. None of these pa- 
tients had hypertension at any time and only 
the last patient had albuminuria and a blood 
non-protein nitrogen which rose to 120 mg./100 
ml. the day before death. Urinary output in all 
these patients was satisfactory and of no clinic”! 
concern. All these patients died before delivery. 
Autopsy in two instances disclosed a renal lesion 
labelled initially as “fatty degeneration of the 
tubular epithelium.” Stains for fat disclosed 
only minimal traces of sudanophilic material 
within the large single vacuoles which distorted 
the cytoplasm of the tubular epithelial cells. The 
vacuolar change was patchy and inconstant. 
Where encountered it involved both proximal 
and distal convoluted segments of the tubule. 
[here was no evident necrosis of tubular epi- 
thelium and, presumably, the lesions were 
reversible. In recent years tubular vacuolization 
has been described in patients with lowered 
serum potassium levels as a result of chronic 
diarrhea*~'* and as a result of the administration 
of chelating agents.'* Currently, this alteration 
of renal tubular epithelium is being labelled 
hypokalemic vacuolar nephropathy. (Fig. 3.) 
Mild focal fatty infiltration of the liver was 
observed in three of the patients with hyper- 
emesis. As is usual in such cases, the anatomic 
observations at postmortem failed to disclose the 
cause of vomiting. However, in two cases the 
cause of death was pulmonary edema, in one case 
bronchopneumonia and in one case bilateral 
adrenal hemorrhages. Death usually occurred 
after vomiting had been controlled and while the 
patient was being treated with glucose and 
saline infusions. (Fig. 6D.) 

The toxicity of sodium-containing solutions 
when administered to patients with severe potas- 
sium depletion has been previously empha- 
sized.'* The antagonism between sodium and 
potassium may aggravate the effects of potas- 
sium depletion with particular regard to the 
initiation of cardiac arrythmias. Digitalized 
patients are peculiarly susceptible in this regard. 


Even the administration of glucose which nor- 
mally results in decrease in serum potassium 
levels may be dangerous in this situation.’® In 
the light of current information, these patients 
may have died in electrolyte imbalance, possibly 
with low blood potassium levels. 

Miscellaneous. Eight of the forty-nine fatal 
cases are listed in Table 1 under miscellaneous; 
of these, four had anuria, two had oliguria and 
two had no diminution of urine output. In these 
cases, the renal lesion was either secondary to a 
disease process elsewhere in the body or else not 
inherently related to the patient’s pregnancy. 
For the sake of completeness, these cases are 
included and summarized in Table vin. 

Of this group of eight miscellaneous cases, 
four patients had severe rheumatic heart disease 
and died of sepsis. In this group of cases the 
renal lesions appeared as one or another of the 
forms of hematogenous infection. In two patients 
the renal lesion must be considered iatrogenic 
(ligation of aberrant arteries, sensitivity reaction 
to drug therapy). 


Non-Fatal Cases 


Of the thirty-one patients who recovered and 
are included in this study, twenty-six were 
associated with anuria and five with oliguria as 
defined. A biopsy of the kidneys was not per- 
formed on any of these patients. Therefore it is 
not possible to prove histologically the char- 
acter of the renal lesion in any individual case. 
When, however, the patient’s clinical history is 
studied and compared to the clinical histories of 
patients who have died, it is possible to offer a 
valid bedside diagnosis of the type of renal lesion 
present. It follows that the management must be 
viewed against the etiologic background and 
natural history of the renal lesions. 

Fourteen cases (45.1 per cent) were compli- 
cated by varying degrees of uterine hemorrhage. 
Five of these involved toxic premature separa- 
tion of the placenta and two were cases of non- 
toxic separation. The remainder included seven 


Fic. 6. A, Case m, a thirty-seven year old woman with bilateral symmetric renal cortical necrosis. Medium power view 
near the edge of an infarcted zone. One glomerulus shows hemorrhagic necrosis; the other shows coagulation necrosis. 
An arteriole shows segmental “‘smudgy”’ necrosis of its wall and contains a thrombus. An interlobular artery shows loose 
fibrous proliferation of its intima; hematoxylin and eosin, X 125. B, Case v1, a twenty-two year old woman with bi- 
lateral symmetric renal cortical necrosis. An interlobar artery at the margin of a zone of infarction shows fibrous pro- 
liferation of its intima. Part of the adjacent cortex is necrotic and there is hemorrhage into tubules; hematoxylin and 
eosin, X 75. C, same case. Detail showing almost complete obliteration of the arterial lumen by the proliferated col- 
lagenized intima. An adjacent small arterial branch shows edema of its wall and some medial proliferation; hematoxylin 
and eosin, X 200. D, Case v, a thirty-seven year old woman with bilateral symmetric renal cortical necrosis. Extensive 
fibrous intimal proliferation of an arcuate artery has reduced the lumen to a narrow slit. An adjacent interlobar artery 
shows moderate proliferation of its intima; hematoxylin and eosin, X 70. 
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cases of hemorrhagic shock involving uterine 
atony which occurred after completion of the 
third stage of labor; of these, hemorrhagic shock 
developed in five patients following cesarean 
section and in two following pelvic delivery. 
Table u reveals the distribution of the other 


TABLE 0 
NON-FATAL CASES OF DEPRESSED RENAL FUNCTION 


1. Patients with Anuria 
Hemoglobinuric nephrosis 
(Incompatible blood — 8; water 
hemolysis — 1) 
Hemorrhagic shock, postcesarean. . . 
Hemorrhagic shock, postpartum. . 
Abruptio placentae 
(Toxic — 5: 
Non-toxic — 2) 
Toxemia with postpartum convulsions. .. . 
Drug sensitivity (postabortal) 


u. Patients with Oliguria 
Mesenteric thrombosis, postcesarean. . 
Sepsis, postpartum.... 
Amniotic fluid embolism 
Diabetic coma 


Total 


cases comprising this group. It is a varied listing 
of isolated clinical entities, but from it emerges 
the observation that the feature common to all 
the cases in this group is an element of shock. 
This is true in the cases of hemoglobinuric 
nephrosis induced by water hemolysis or trans- 
fusion with incompatible blood; it is also present 
in severe cases of premature placental separa- 
tion, post-abortal drug sensitization, amniotic 
fluid embolus, mesenteric thrombosis after 
cesarean section, and the like. 

Incompatible blood transfusion accounted for 
29 per cent of the cases with non-fatal complica- 
tions of the kidneys. The hazards associated with 


blood replacement are common knowledge but 
must still be emphasized. Inasmuch as obstetri- 
cal hemorrhage has become the major factor in 
maternal mortality and morbidity, and generally 
involves an acute, profuse, unanticipated epi- 
sode, the great need for planned management of 


TABLE UI 
FATAL CASES OF ANURIA 1948 to 1954 


Renal cortical necrosis 
Acute tubular necrosis 
Convulsive toxemia 
Miscellaneous * 


* Includes one case of necrotizing allergic arteritis 
and one case of malignant nephrosclerosis superimposed 
upon recurrent glomerulonephritis. 


blood bank facilities in an obstetrical service is 
re-emphasized. It should include a working 
arrangement for prompt administration of 
adequate amounts of compatible blood. 

Toxemia of pregnancy was encountered in 
seven cases (22.5 per cent) in this group. The 
impression gained from this study is that the 
reduction in renal function, related purely to 
toxemia of pregnancy, is not the result of wide- 
spread alteration of the renal paranchyma but 
rather extrarenal in origin, transient in nature 
and from which clinical and renal recovery is 
predictable, barring medical mismanagement or 
maladroit delivery. This favorable prognosis is 
altered, however, by the complications that 
occur in the toxemic patient, whether they are 
related to placental separation or to the mode of 
delivery. It is the element of shock superimposed 
upon the basic vascular alteration of toxemia 
which is the hazardous factor and it is against 
this factor preventative attention should be 
directed. 

The nature of the management of purely 
obstetrical circumstances is of some interest. In 


Fic. 7. A, Case u. Acute tubular necrosis, ischemic type. Medium power view showing necrosis and desquamation of 
tubular epithelium. There is no hemorrhage into the tubules nor heme cast formation. The patient died in anuria and 
shock forty-two hours after massive hemorrhage from placenta previa; hematoxylin and eosin, X 125. B, Case vu. 
Acute tubular necrosis, hemoglobuinuric type. Medium power view showing heme casts filling proximal convoluted 
tubules. B. welchii (Cl. perfringens) infection developed following a spontaneous septic abortion. Although the infection 
was controlled by antibiotics, the patient died fourteen days later in anuria and uremia despite dialysis; hematoxylin 
and eosin, X 125. C, acute tubular necrosis. Tubular regeneration is shown. One tubule is lined by low euboidal epi- 
thelium. Another tubule shows syncytia of regenerating epithelial cells. A mitotic figure is seen in the epithelium of a 
well regenerated tubule. Intraacytoplasmic “hyaline droplets” are present in the tubule at the lower left; hematoxylin 
and eosin, X 300. D, acute tubular necrosis. A medullary granuloma has developed at the site of tubulorhexis. Many 
eosinophils are found among the infiltrating inflammatory exudate. Phloxine and methylene blue, X 250. 


NOVEMBER, 1956 


9 | 5 
| 4 
| 2 
5 
2 10 
2 
1 
26 j 
1 
2 
1 
1 


796 Renal Lesions and Acute Renal Failure in Pregnancy—Ober et ai. 


fourteen of the total of thirty-one patients, 
pregnancies were terminated by pelvic delivery, 
in thirteen by cesarean section and in two by 
dilatation and curettage. The remaining two 
involved a breech extraction and an incomplete 
manual removal of a hydatidiform mole per 
vaginam. Without exception, whether it be 
uterine atony after pelvic delivery, cesarean 
section or simply dilatation and curettage, 
excessive blood loss was the most vital clini- 
cal problem. While it is difficult to dis- 
tinguish between cause and effect, the features 
shared by all these patients appear to be blood. 
loss and resulting shock. At times, this was recog- 
nized early and blood replacement attempted. In 
some unfortunate instances, incompatible blood 
was used and a degree of additional shock added. 
Other instances involved a difficult, traumatic 
pelvic delivery or an episode of hypotension 
related to spinal anesthesia. Hysterectomy was 
resorted to in three patients in an attempt to 
control uterine hemorrhage. 

Analysis of the fetal survival reveals that of a 
total of twenty-six viable infants, seventeen were 
liveborn while nine were stillborn, a salvage 
rate of 65.4 per cent. 

The following three case histories are ap- 
pended briefly to illustrate the naturé of the 
clinical problem both in respect to the obste- 
trical circumstances and the ensuing disorders in 
renal function. 


Case1. Mrs. R., a twenty-five year old gravida u, 
Para 1, was electively scheduled for a repeat cesarean 
section following a normal uneventful pregnancy. The 
patient’s only previous pregnancy had been termi- 
nated by a primary hysterotomy because of a per- 
sistent face presentation. 

Under ether anesthesia a low cervical trans- 
peritoneal hysterotomy was performed. Five hundred 
ce. of whole blood was administered during the 
procedure, apparently a routine in this particular 
hospital for all cesarean sections. Unfortunately this 
proved to be an incompatible transfusion. On the first 
postoperative day the patient’s total output consisted 
of 60 ml. of bloody urine. For the next six days the 
twenty-four-hour output never exceeded 40 ml. Dur- 
ing this interim the serum non-protein nitrogen rose 
to 147 mg. per cent and the patient was intermittently 
drowsy and disoriented. On the seventh postoperative 
day, there being no evidence of improvement, the 
patient was transferred to the Peter Bent Brigham 
Hospital. Upon admission blood chemical studies 
revealed the following: blood urea nitrogen 134 mg./ 
100 ml., CO. 14.5 mEq./L.; serum chloride 87 
mEq./L.; sodium 120 mEq./L. and potassium 


6.3 mEq./L. The patient was watched carefully over 
the next several days inasmuch as the urinary output 
slowly improved and the chemical status was main- 
tained. On the eleventh postoperative day, electro- 
cardiograms revealed an abrupt development of 
hyperkalemic effects and the blood potassium was 
recorded at 8.4 mEq./L. Prompt dialysis was elected 
with an excellent clinical and chemical response. 
The blood urea nitrogen fell from 290 mg./100 ml. 
before dialysis to 90 mg./100 ml. afterwards. Other 
significant blood chemical alterations included CO, 
from 12.6 mEq./L. to 17.0 mEq./L., chlorides from 
111 mEq./L. to 123 mEq./L. and the potassium from 
8.4 mEq./L. to 4.4 mEq./L. On the following day 
the urinary output was 400 ml. and this improved 
rapidly thereafter. Interestingly, however, despite 
satisfactory chemical and renal response, the patient 
remained disoriented and difficult to manage until 
four days after dialysis. At this time sensorium dra- 
matically cleared and the patient’s recovery was 
uneventful and complete. 

This case illustrates the hazards of incompatible 
blood transfusion in a normally pregnant patient. The 
inclination to abrupt potassium intoxication is to be 
noted. Dialysis after the onset of potassium intoxica- 
tion affected prompt chemical correction, but clinical 
recovery was prolonged. 


Caseu. Mrs. C., a twenty-six year old, gravida Iv 
(recently delivered), Para 1v, presented a known his- 
tory of hypertension with albuminuria and edema in a 
previous pregnancy, as well as a strong family history 
of hypertensive disease. 

The present pregnancy was complicated through- 
out by an elevation of blood pressure which was 
recorded as high as 180 mm. Hg. systolic. With a 
low salt regimen, the patient’s pregnancy progressed 
to the thirty-eighth gestational week at which time 
profuse vaginal bleeding developed, associated with 
lower abdominal pain, nausea and vomiting. Upon 
admission to the local hospital, the fetal heart tones 
were not audible. A diagnosis of abruptio placentae 
was made. Under spinal anesthesia the patient was 
treated by manual dilatation of the cervix followed by 
internal podalic version and extraction of a stillborn 
fetus. An element of uterine atony with hemorrhage 
was encountered but the history was vague regarding 
the amount of blood lost. The placenta was removed 
manually and the uterine cavity then was said to have 
been douched and packed. During these energetic 
procedures, 1,500 ml. of compatible blood was 
administered. 

Following delivery absolute anuria developed. 
When this had persisted for five days the patient was 
transferred to the Peter Bent Brigham Hospital. On 
admission the significant blood chemical determina- 
tions were: blood urea nitrogen 76 mg./100 ml., CO» 
23 mEq./L., sodium 118 mEq./L., potassium 5.6 
mEq./L. The patient was carefully observed during 
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the next week and it was anticipated that spontaneous 
diuresis with recovery would follow. However, on the 
twelfth postpartum day the patient complained of 
blurred vision and generalized paresthesias; the 
electrocardiogram showed peaking of T waves. 
Hemodialysis was therefore instituted with prompt 
return to a normal electrocardiogram pattern. Some 
six hours later the blood chemical determinations 
revealed the blood urea nitrogen 36 mg./100 ml. 
(previously 130), CO2 27.5 mEq./L. (previously 19.5), 
chlorides 103.8 mEq./L. (previously 92.1), sodium 
136 mEq./L. (previously 133), potassium 4.0 mEq./L. 
(previously 5.25). The following day the total urinary 
output was 325 ml. and it consistently improved; 
after the fourteenth postpartum day it remained 
norinal with a peak to 1,400 ml. output on the 
twenty-second postpartum day. Since discharge, the 
patient has been seen on several occasions in follow-up 
visits and blood pressure appears stabilized at 190/130. 

In the light of this study the clinical background 
strongly suggests that the basic kidney lesion was 
bilateral symmetrical cortical necrosis. The presence 
of antecedent hypertensive disease in a multiparous 
patient combined with severe placental separation 
forms the evidence for this opinion. 

The obstetrical therapy emplbyed is regarded as 
obsolete and the wonder is that the patient survived 
delivery to say nothing about the recovery from renal 
cortical necrosis. Regardless, this case illustrates the 
additional hazard of premature separation of the 
placenta in a patient with hypertensive disease and 
suggests the advisability of inducting labor in such 
patients whenever fetal viability is reached (thirty- 
fifth week) to prevent renal and other serious 
complications. 


Case mt. Mrs. J. A., a thirty-three-year-old gravida 
u, Para 0, had an uneventful prenatal course and 
entered a local community hospital in early labor. Her 
only previous pregnancy had terminated as a spon- 
taneous abortion and the current pregnancy had oc- 
curred after a prolonged period of infertility. 

After ten hours of desultory labor the patient was 
delivered of a viable infant by a transperitoneal low 
cervical cesarean section because of uterine inertia. 
Profuse hemorrhage from uterine atony occurred 
immediately postpartum. The patient received 2,000 
ml. of compatible blood, but despite this therapy, 
deep shock was believed to have persisted for a 
minimum of two hours. 

The immediate postoperative course was compli- 
cated by fever and drowsiness, with a total twenty- 
four hour urinary output of 5.0 ml. Fever and anuria 
persisted and on the third postpartum day the decision 
was made to transfer the patient to the Peter Bent 
Brigham Hospital. On admission, the laboratory find- 
ings included a marked proteinuria with many red 
and white cells as well as granular casts in the urinary 
sediment. The blood urea nitrogen was 84 mg./100 
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ml.; the blood CO2 17.4 mEq./L.; serum chlorides 118 
mEq./L.; serum blood sodium 142 mEq./L. and 
blood potassium 6.4 mEq./L. 

By the fifth postpartum day the blood urea nitrogen 
rose to 185 mg./100 ml., the serum potassium to 8.0 
mEq./L., while the serum COz:, chloride and sodium 
had fallen to 15.8 mEq./L., 103.2 mEq./L. and 136 
mEq./L. respectively. Clinically, the patient remained 
anuric while exhibiting a dull sensorium, general 
myasthenia and vomited continuously. On the fifth 
postpartum day, dialysis was accomplished with good 
chemical response. Some six hours after dialysis the 
blood urea nitrogen was 63 mg./100 ml., the CO» 
23.9 mEq./L., the serum sodium 142 mEq./L. and the 
serum potassium 4.9 mEq./L. 

By the following day, however, total urinary output 
was but 100 ml. and the blood urea nitrogen had risen 
to 135 mg./100 ml. with accompanying changes in the 
total chemical picture. The serum potassium rose 
precipitously to 9.2 mEq./L. and was associated with 
definite electrocardiographic changes typical of 
potassium intoxication. A second dialysis was thus 
elected and within four and one-half hours the 
electrolyte and electrocardiographic picture reverted 
toward normal and the blood urea nitrogen was 52 
mg./100 ml. The urinary output over the next 
four days improved gradually so that on the tenth 
postpartum day it measured 440 ml. On this day a 
third dialysis was completed with striking clearing 
of a clouded sensorium. By the eleventh postpartum 
day the urinary output was 605 ml. and thereafter 
a satisfactory diuresis ensued, reaching a peak on the 
seventeenth postpartum day with an output of 
3,090 ml. 

This case illustrates the hazards of hemorrhagic 
shock in an otherwise uncomplicated obstetrical 
situation. The importance of early recognition of po- 
tassium intoxication and the value of hemodialysis is 
evident. Without the latter, it is doubtful that the 
patient would have survived. The kidney lesion was 
presumably acute tubular necrosis. 


COMMENTS AND SUMMARY 


In large measure this study of fatal and non- 
fatal cases of acute renal complications of preg- 
nancy was undertaken to relate our knowledge of 
clinical problems to pathologic problems. Patho- 
logic study of the kidney in the patients who died 
furnishes a basis for classifying the nature of the 
lesions and provides an evaluation of their 
extent. Study of the clinical course in the pa- 
tients who recovered, appraised in the light of 
clinical laboratory investigation, yields informa- 
tion that is essential for therapy. Within limits 
the necessary practical information is furnished 
by the answers to certain questions. 

With respect to eclampsia, specific questions 


o 
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were raised. Is depression of renal function in 
toxemia associated with any constant pathologic 
lesion? Is the depressed function intrarenal or 
extrarenal in origin? To what extent does im- 
pairment of renal function, although temporary, 
jeopardize the life of such patients? Do such 
lesions lead to irreversible damage of the kidneys 
and permanent alterations in their function? 

Renal lesions attributed to toxemia were found 
in less than 50 per cent of the cases of unprovoked 
toxemia and these were restricted to the glomer- 
ular portion of the nephron. Glomerular lesions 
were not observed as frequently in our patients 
as they were in those reported by Bell'*® who 
noted these lesions in 51 of 52 patients with fatal 
eclampsia. In this respect our observations sup- 
port those of Govan" who questioned the specif- 
icity of the glomerular lesion. Govan points out 
that comparable changes are found in the glom- 
eruli of pregnant women dying from other 
causes without hypertension, albuminuria, 
edema or convulsions. He interprets the alter- 
ations in the basement membrane as indicative 
of a generalized endocrine effect on blood vessels 
during pregnancy. Sheehan,'* in describing the 
renal changes associated with hypertensive 
toxemias, concludes that glomerular swelling to 
1.5 times the normal mean is the most consistent 
lesion, but that thickening and reduplication of 
the glomerular basement membrane does not 
occur. It is rather that there is swelling of endo- 
thelial cells which lay down a fine network of 
fibrils beneath the basement membrane. These 
observations are consistent with the available 
physiologic data that renal blood flow is not 
decreased in toxemia of pregnancy but that the 
glomerular filtration rate may be significantly 
depressed. 

Tubular changes occur with some frequency 
according to Sheehan'* but he regards “‘hyaline 
droplet” degeneration and the presence of an occa- 
sional cast as non-specific. ““Hyaline droplets” 
in tubular cells may merely represent the resorp- 
tion of protein (albumin) which has filtered 
through a slightly damaged glomerulus. Oliver?! 
has shown that hyaline droplet degeneration is not 
a degenerative change but is evidence that the 
tubular epithelium is functioning fairly well. 
Allen,*? however, cautions that hyaline droplets 
are not invariably equitable with tubular resorp- 
tion of protein and may indicate metabolic 
alterations in tubular epithelial cells, although 
these alterations need not result in irreversible 
cell damage. Our observation of minor tubular 
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changes in eleven of thirteen patients with fatal 
eclampsia confirms the general impression that 
there is no significant or characteristic tubular 
lesion in pregnancy toxemia. 

In only two cases were necrotizing lesions of 
afferent arterioles present; these were similar 
to those found in hypertensive states in both 
non-pregnant women and in men. In his series, 
Govan" noted fibrous thickening and reduplica- 
tion of the internal elastic membrane of the 
larger branches of the renal artery in 50 per cent 
of the cases. Eight of the sixteen patients with 
arterial lesions had a history of hypertension 
during previous pregnancies. Govan’s observa- 
tions are substantially in agreement with those 
made several years previously by Baird and 
Dunn.”* It is of interest that both publications 
refer to the fact that efforts to identify a “‘toxin”’ 
in eclampsia have been unsuccessful and proceed 
to cite observations from experimental endo- 
crinology which furnish suggestive evidence re- 
garding the nature and development of the 
disease. Therefore, the occasional observation of 
necrotizing inflammation of the arterioles in an 
unprovoked eclampsia is better construed as an 
effect of the acute elevation of blood pressure. 
Similar lesions can be produced regularly in 
animals by acute hypertension experiments. 

It seems likely that any depression of renal 
function in severe, unprovoked toxemia is 
transient and reversible unless some further com- 
plication is superimposed, such as premature 
separation of the placenta, postpartum hemor- 
rhage or any other circumstance bearing with it 
an element of shock. Renal plasma flow is re- 
duced in pregnancy toxemia when compared 
with the elevated values obtained during normal 
pregnancy.'*:?° The rate of renal plasma flow in 
pregnancy toxemia, however, is well within 
the range of values for normal non-pregnant 
women. This is in sharp contrast to a reduction 
in plasma flow in patients with acute tubular 
necrosis when determined forty-eight hours after 
the onset of the anuria.'! On the basis of the 
meager demonstrable renal changes it must be 
concluded that any reduction in renal function in 
pregnancy toxemia is due primarily to extra- 
renal sources. 

None of the women with convulsive toxemia 
in this study died in renal failure. At most, a 
limited degree of azotemia was present during 
the height of the toxemic episode. While many 
methods have been employed to improve renal 
function in eclamptic or pre-eclamptic women, 
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one wonders if it is necessary for the ultimate 
recovery of the patient. If the decreased urine 
output is extrarenal in origin, more effective 
diuresis might be accomplished by methods 
directed at the hormonal control of renal func- 
tion. Most of the methods currently in use fall 
into two major groups; those aimed at increas- 
ing glomerular filtration and those designed to 
increase renal blood flow, despite the fact that in 
the latter group renal blood flow is not reduced 
to pathologic levels. No method has met with 
conspicuous success and it seems entirely possible 
that any therapy which may produce a signifi- 
cant hypotensive episode is potentially danger- 
ous. The only toxemic cases encountered in this 
study associated with renal failure sufficient to 
jeopardize the patient’s recovery were those in 
which medical or obstetrical mismanagement 
further compromised the patient’s welfare. The 
actual cause of death in the majority of patients 
with severe toxemia was cerebral edema with or 
without cerebral hemorrhage and/or pulmonary 
edema. Certainly whatever is the cause of death 
in a patient with unprovoked severe toxemia, 
it apparently is not acute renal failure. Efforts 
directed solely toward improving renal function, 
therefore, are not a requisite in the treatment of 
the acute phase of pregnancy toxemia. Until 
more is known of the cause of edema in this 
disease, nothing short of termination of the 
pregnancy, presumably with the removal of the 
endocrine effects of the placenta, will restore 
renal function to normal. 

In view of the unimpressive nature of the 
glomerular lesion in these cases, it is not sur- 
prising that whatever anuria or oliguria is 
present should be transient and _ reversible. 
However, the question arises whether or not a 
single episode of unprovoked severe toxemia, 
with or without convulsions, results in any per- 
manent alteration of the renal structure. Many 
efforts have been made to answer this question. 
For example, among the more intensive studies 
McKelvey and MacMahon” studied thirteen 
patients who died of renal failure and who had 
had toxemia during a previous pregnancy. Six of 
these patients were colored women who had 
symptomatic hypertensive disease before the 
pregnancy in which toxemia developed; they 
died ultimately with malignant nephrosclerosis. 
The remaining seven patients were an assort- 
ment of cases in which toxemia was present and 
who died at or near term, delivered or unde- 
livered. Postmortem examination of these women 
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showed the acute lesions of eclampsia to a greater 
or lesser degree as well as a variety of other le- 
sions associated with their terminal illnesses. In 
four of these cases there was microscopic 
evidence of renal disease of some duration prior 
to the gestation. It is clear that McKelvey and 
MacMahon were not dealing with cases of un- 
provoked eclampsia, but rather with patients 
who had underlying renal-vascular disease, 
who had become pregnant and in whom pre- 
eclampsia and eclampsia then developed. Al- 
though it is plausible to infer that pregnancy 
complicated by eclampsia may accelerate an 
underlying renal-vascular disease, these in- 
vestigators furnish no evidence regarding the 
sequelae of unprovoked toxemia. 

Likewise, Page and Cox?® failed to show 
that unprovoked toxemia results in permanent 
damage to the function or structure of the 
kidneys. Their study is based upon twenty-six 
cases in which clinical and autopsy material 
was available. Of these, seven patients died of 
eclampsia and three died in the severe phase of 
pre-eclampsia. The remaining sixteen patients 
were divided into two groups—a group of six 
patients who had had toxemia during a preg- 
nancy which terminated one to twelve years 
before their death, and a control series of ten 
patients uncomplicated by toxemia who died 
shortly after delivery. Although glomerular 
basemen membrane thickening was present 
in all six patients with antecedent toxemia, 
it was also present in five of the ten 
controls but not to such a severe degree. 
Renal tubular and vascular lesions were 
absent in all cases. One cannot, however, rule 
out the possibility that in the former group con- 
current or intercurrent hypertensive disease had 
developed independent of the history of preg- 
nancy complicated by toxemia. 

The study of Corcoran and Page”® indicates 
that renal function differs in cases of unpro- 
voked toxemia from those in which there is a 
hypertensive background. They found that the 
filtration fraction was increased in cases of toxe- 
mia with pre-existing or latent hypertension but 
that it was decreased in cases with unprovoked 
toxemia, the latter finding being consistent with 
decreased filtration rate and normal renal blood 
flow. In the milder cases of both groups, how- 
ever, there was no significant change in the filtra- 
tion fraction. If, as is inherent in hypertensive 
disease, renal plasma flow is decreased, the 
filtration fraction will be increased. Therefore, 
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the analytical survey of data furnishes little basis 
for distinguishing between the effects on the 
glomerulus in unprovoked toxemia when con- 
trasted with toxemia developing in a hyper- 
tensive patient. Corcoran and Page do point out 
that a in few patients who showed a decreased 
filtration rate during the acute course of toxemia 
an increased filtration fraction and arterial 
hypertension developed later. 

A purely clinical study from a retrospective 
point of view was done by Teel and Reid?’ who 
reported on a follow-up study of eighty patients 
with severe convulsive toxemia. These investi- 
gators found that of twenty-nine posteclamptic 
patients who were known to be healthy and free 
of vascular or renal disease prior to eclampsia, 
none showed albuminuria or evidence of im- 
paired renal function and only three showed 
hypertension. In a similar study** on the sequelae 
of non-convulsive toxemias, the same authors 
learned that only one of forty-seven severe pre- 
eclamptic patients had definite persistent hyper- 
tension or albuminuria. In both studies, they 
observed that in cases of provoked toxemia 
(those in which evidence of antecedent renal 
disease and/or hypertension was noted), al- 
buminuria and elevation of blood pressure 
persisted after delivery in almost every case. 

Subsequent studies by Chesley and his col- 
leagues”**® have supported these observations. 
Chesley and Cosgrove followed up 262 of 270 
women who survived an episode of acute 
eclampsia for one to twenty years. Of 181 white 
primiparous eclamptics there were five remote 
deaths, a mortality of 2.8 per cent; two of the 
deaths were due to cardiovascular-renal disease. 
In contrast, in a follow-up of 59 white multi- 
parous eclamptic patients there were eight 
remote deaths, a mortality of 13.6 per cent; 
five of the deaths in this group were due to 
cardiovascular-renal disease. Although Chesley 
and Cosgrove had only twenty-four non-white 
patients in their series, a number too small 
for any definitive conclusions, the mortal- 
ity was 23.5 per cent in previously primiparous 
colored women (four remote deaths in a follow- 
up of 17 patients) and 40 per cent in five multi- 
parous colored patients (two remote deaths 
due to cardiovascular-renal disease). They 
attribute the increased mortality in the multi- 
parous women to a higher incidence of hyper- 
tensive disease antecedent to the pregnancy 
which culminated in the eclampsia. 

Chesley*® summarizes the relationship of 
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pregnancy toxemia to the kidney as follows: ‘‘So 
far as available information goes, it would seem 
that renal impairment does not underlie pre- 
eclampsia and eclampsia, although when renal! 
impairment does exist there seems to be a pre- 
disposition to acute toxemia. Whether pre- 
eclampsia and eclampsia cause renal damage is 
an open question. Corcoran and Page, and 
Chesley have reported that pre-eclamptics with 
low filtration fractions are more likely to be left 
with permanent hypertension. The reduced 
filtration rate and filtration fraction in pre- 
eclampsia may be attributable to thickening oi 
the basement membrane of the glomerular 
capillaries which has been described as typical 
of pre-eclampsia and eclampsia. Page and Cox 
found some evidence that this thickening per- 
sisted for months and years after toxemia. If the 
lowered filtration in pre-eclampsia be dependent 
upon such glomerular changes, and if the 
changes persist, then the post-toxemic hyper- 
tension could be a result of renal damage in- 
duced by the pre-eclampsia. However, the 
followed-up cases are very few, the glomerular 
lesion may be an artefact if the glomerular lesion 
does exist it may not persist, and it has not been 
proved that the lowered filtration fraction de- 
pends upon such a lesion. No renal function test 
has been developed which is of any value 
in assessing the severity and progression of 
pre-eclampsia.” 

It is difficult to believe that such inconspicu- 
ous, sparsely distributed lesions as encountered 
in the fatal cases of pregnancy toxemia in this 
study can result in permanent damage to a 
significant proportion of nephron units or to any 
permanent alteration in renal function. This 
adds support to the belief that patients who have 
normal blood pressure and renal function before 
the development of toxemia have little or no 
residual hypertension or abnormal urinary 
findings. 

With respect to bilateral symmetrical cortical 
necrosis of the kidneys, the most important ques- 
tion is why do the majority of patients in whom 
abruptio placentae develops escape this devast- 
tating lesion, and conversely, why are the few 
women in whom the lesion develops susceptible 
to it? Other questions suggest themselves. Do 
patients with this lesion recover? If so, is there a 
permanent alteration of renal function? What 
prognosis can be offered in a given case once the 
diagnosis is established? Does our understanding 
of the pathogenesis of the lesion offer any basis 
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for preventing its development or modifying its 
course? Reviews by Scriver and Oertel,*! J. E. 
Ash,*? Duff and Murray** and more recently 
Sheehan and Moore** and Burt and Kearns*® 
have furnished considerable information regard- 
ing the nature and genesis of this lesion. Typical 
examples of the disease with clear-cut presenta- 
tion of pathologic findings are readily accessible 
and well illustrated in articles by Sheldon and 
Hertig,*® Gasper*’ and T. B. Mallory.** 

A notable contribution to the pathogenesis of 
renal cortical necrosis was made by deNavas- 
quez**:4° who studied twelve cases of renal corti- 
cal necrosis; unfortunately, no individual proto- 
cols are presented. He was impressed by necrosis 
in the wall of the intralobular arteries which 
thrombosed, and speculated that the 
medial necrosis was due to some circulating 
toxin which acted specifically upon the media of 
these vessels, producing paralysis of their walls, 
stasis within their lumina and conglutination of 
red cells without fibrin deposition. deNavasquez 
noted specifically that in none of his cases was 
there any evidence of a pre-existing vascular 
lesion in the major vessels of the kidney. (no 
arteriosclerotic change). Subsequently, he was 
able to produce similar lesions in rabbits’ kidneys 
by injecting a staphylococcal toxin. In these 
animals he could find no evidence of vasopsasm 
whatsoever. Although Herzog,*! Schuppel*? and 
Glynn and Briggs** had advanced the idea that 
the thrombosis begins at the level of the affer- 
ent arteriole and is propagated in a retrograde 
direction along the arterial tree to the level of the 
interlobular arteries, deNavasquez pointed out 
that with paralysis of a segment of the arterial 
tree, prolonged stasis could lead to conglutina- 
tion in the affected area which would be uni- 
form and approximately simultaneous. Gaspar*’ 
also emphasized the role of bacterial toxins in the 
production of the lesion. A recent investigation 
by Thal** supports deNavasquez’s observation 
that bilateral renal cortical necrosis can be pro- 
duced in experimental animals by injection of 
staphylococcal toxin. By the use of an India 
ink perfusion technic, Thal was able to observe 
directly severe spasm of the renal vein and loss of 
pulsation in the renal artery. These changes 
developed within minutes after the injection of 
toxin and changes persisted for sufficient periods 
for bilateral necrosis to develop. Furthermore, 
Hedinger and Langeman,** while investigating 
the endocrine properties of carcinoid tumors 
found that metastatic tumors contain serotonin 
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(5-oxy-tryptamin); repeated injection of 5-oxy- 
tryptamin into rats produced focal necrosis in 
the renal cortex similar to the lesions seen m 
humans as well as an increase in the platelet 
count in the peripheral blood.**:* 

The case reported by Mallory occurred after 
a spontaneous abortion without sepsis; in this 
case pitressin was used to facilitate expulsion of 
the products of conception. Byrom*’ has re- 
ported on the experimental production of renal 
cortical necrosis by means of injection of pitui- 
tary extracts. Presumably, these lesions are 
the consequence of vasopressor action. 

Duff and Murray** discuss the distribution of 
vascular thromboses, pointing out that they are 
confined to the interlobular arteries and the 
small arteries and arterioles that branch from 
them. They also demonstrate that there is con- 
siderable variation in the nature of the throm- 
botic material, some authors describe classical 
thrombi composed of platelets and fibrin en- 
meshing red and white blood cells, others 
describe homogeneous acidophilic masses, while 
still others describe the material occluding 
blood vessels as being composed of packed con- 
glutinated red blood cells with little or no fibrin 
formation or platelet deposition. However, these 
investigators emphasize that irrespective of the 
nature of the occluding material the distribution 
in reported cases is the same, extending from the 
interlobular arteries along intralobular arteries 
into afferent arterioles and even into glomerular 
capillaries. Duff and Murray subscribe to the 
theory that prolonged and intense vasospasm 
may be responsible for the development of 
cortical necrosis, but they qualify this statement 
by saying “‘this mechanism is not necessarily the 
one responsible for the renal necrosis in all, 
or indeed any, of the cases of the disease.”” They 
state further, ““any mechanism capable of caus- 
ing more or less simultaneous and prolonged 
interruption of blood flow through a large 
number of the cortical arteries will produce 
the picture of symmetrical necrosis of the rena] 
cortex. While the actual mechanism of occlu- 
sion, as it expresses itself in the final histologic 
picture in the cortical arteries and arterioles, 
appears clearly to be somewhat variable, it 
seems reasonable to suppose that certain factors 
in the etiology and pathogenesis of the vascular 
lesions are common to all cases.”’ In implicating 
an etiologic agent, Duff and Murray speak of 
hypersensitivity or hyperirritability of the renal 
arteries, pointing out that alterations in the 
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TABLE IV 
CLINICAL FINDINGS IN SEVEN CASES OF BILATERAL CORTICAL NECROSIS 


Obstet- | Week 
Prenatal rical of 
Compli- Ges- 


History 
of Estab- 
lished Hyper- 
tension cation tation 


Gra- 
Age vid- Course 


Unknown 
Unknown 


Unknown | Toxemia 


Unknown 


Abruptio 
Toxemia 


Hypertension | 


section 


Hypertension | Toxemia | Abruptio 


| Negative 
| 


Delivery tion Pres- 


loxemia | Abruptio 33 Pelvic 


oxemia d é elvic 
I At t Pel 


Abruptio 31 Pelvic 


Toxemia | Abruptio 35 Cesarean Neonatal 140) Total 


29 Pelvic 


Toxemia | Abruptio 29 Pelvic 


Blood 
Non- 
pro- Day of 


tein Death 
Output 
| Nitro- 


(24 hr.) 


Condi- Blood Urine 
Comment 
(post- 
Fetus sure 
gen partum) 
(mg 


Stillborn 100) Total Died in uremia 
anuria 
Stullborn +12.0 ml Convulsive sei- 
zure 4th day 
postpartum, 
died in uremia 
Sullborn + 15.0 ml Died in uremia 
Stillborn 2 +120 ml Unsuccessful 
dialysis trans- 
peritoneal; pa- 
tient never 
recovered trom 
intrapartum 
shock 
Couvelaire 
death anuria uterus; post- 
operative shock 
Stillborn (17 +100 ml Unsuccessful 
hemodialysis 
(13th and 15th 
postpartum 
days 
Stillborn ‘ +210 mil Unsuccessful 
hemodialysis 
12th post- 


partum day 


blood which might favor intravascular clotting 
must be of secondary importance in view of the 
fact that the thromboses are so sharply restricted 
to the kidneys and, in fact, to one particular 
segment of the kidney vessels. They conceive a 
hypothetical sequence of events which they char- 


acterize as a “‘series of vascular disturbances of 


increasing severity: intense vasospasm; vaso- 
paralysis; partial or complete necrosis of the 
arterial walls which might be due either to 
vascular spasm of extreme intensity or the direct 
action of some toxic substance.” 

In effect, the point of view which Duff and 
Murray so ably champion is substantially the 
point of view held by most writers since 1941. 
Two recent symposia, ‘*:* mostly concerned with 
the specific physiology of the renal circulation 
and whether or not the vasospasm is initiated by 
neural or humoral mechanisms, add but little 
to concepts of pathogenesis. Sheehan and 
Moore*‘ apparently concur in the idea of vaso- 
spasm, coining a term ‘“‘operative spasm’’ to 
indicate a spasm which results in observable 
ischemic lesions. This is a fortunate term, for one 
of the limits of the methods of morbid anatomy is 
that vascular spasm is not seen as such in post- 


mortem tissues, and the pathologist can only see 
spasm by its results. In this respect, pathologic 
methods are more fruitful in cases of renal 
cortical necrosis than in eclampsia where the 
spasm, if present, is not so intense and is certainly 
transient and reversible. Thal’s** direct observa- 
tions of renal vascular spasm support the above 
hypotheses. It is of some interest that Thal 
observed that the vasospasm which ensued fol- 
lowing injection of staphylococcal toxin was 
restricted to the kidneys and that the other intra- 
and retroperitoneal vessels were not involved. 

The monograph by Sheehan and Moore 
establishes unequivocally the histopathologic 
nature of renal cortical necrosis. There is no 
remaining doubt that the necrosis is secondary to 
thrombosis of segments of the renal vascular tree, 
that it is a true infarctive coagulation necrosis. 
Sheehan and Moore classify the lesion on the 
basis of its extent and divide it into four groups: 
focal, minor, patchy and gross. The anatomic 
extent of the necrosis depends entirely upon the 
number and distribution of intra-arterial throm- 
boses and the amount of renal tissue so destroyed 
determines whether the patient recovers or dies. 
In this respect, it is of importance to observe that 
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TABLE 
AUTOPSY FINDINGS IN SEVEN CASES OF BILATERAL CORTICAL NECROSIS 


Kidney Findings 


Photomicro- 


Weight Gross 


285 Gm Extensive bilateral 


(each symmetrical cortical 
necrosis 
R-214 Gm 


L-200 Gm 


Extensive streaky 
hemorrhagic corti- 
cal necrosis arteries 

240 Gm Mottled cortex, hem- 

(eac h orrhagic necrosis 

rhage 

180 Gm Mottled cortex, hem- 

(each) orrhagic necrosis 


and tubules 


R-190 Gm 
L-180 Gm. 


Mottled punctate 


cortical necrosis necrosis 


200 Gm Generalized necrosis 


(each) with punctate 
hemorrhage 
Cortical necrosis with 


petechial hemor- 


“spared” 
R-230 Gm 
L-200 Gm necrosis 


rhages, extensive 


Microscopic 

Coagulation cortical 

(a) necrosis (b) 
Necrosis with throm- 

boses intralobular 
Cortical necrosis with 

glomerular hemor- 
Extensive coagulation; 


necrosis of glomeruli 


Diffused hemorrhagic 


Diffuse cortical 
necrosis; about 20% 


Extensive coagulation 


graph 


Vessels 


Figure 4 


| Sclerosis of intralobu- | Ischemic necrosis 
lar arteries, afferent anterior pituitary 
arterioles 

| Renal arteriosclerosis; | Focal necrosis liver 


Figure 3D 
| and pituitary 


thickened intima, 
arcuate and inter- 
lobular arteries 
Fibrous proliferation 
of intima of inter- 


Diffuse thrombosis of | Figures 5A and 
arterial tree B 

Figure 6A 

Figure 3C 


lobular arteries 
Moderate internal 
thickening of inter- 
lobular and arcuate 
arteries 
Diffuse, concentric | 
endothelial prolifera- | 
tion of interlobar 
arteries, less in inter- | 
lobular arteries | 
Moderate sclerosis of 
interlobular and 
arcuate arteries 
Intimal thickening 
and fibrosis of moder- | 
ate degree in inter- 


| Hemorrhagic coagula- 
tion necrosis of liver 


Diffuse renal vascular 
thrombosis 


Figure 6D 
Figure 3A 


| Extensive thrombosis | Figures 6B and 
of interlobular Cc 
arteries 
| Extensive thrombosis | Figures 5C and 
of small vascular D 
branches; ischemic 
lobar arteries, less necrosis of pituitary 
frequently in arcuate 
arteries 


whereas Sheehan and Moore studied utero- 
placental apoplexy in seventy-two cases, most of 
the patients died of causes other than their renal 
lesions, with death occurring within twenty-four 
to seventy-two hours of their obstetrical accident. 
Most of the patients who succumbed within the 
first seventy-two hours died of severe shock, 
usually the result of massive hemorrhage. Shee- 
han describes at least thirty-three of these 
patients who had “lesions less severe than 
cortical necrosis,” inferring that in these cases 
there was no time for cortical necrosis to develop. 
While these findings are analogous to one of 
our cases in which true cortical necrosis was 
present in a woman dying forty hours after 
uteroplacental apoplexy, (Table rv) the sudden 
death in this patient was due to potassium 
intoxication secondary to massive necrosis of 
the liver. Although cortical necrosis had devel- 
oped before forty hours and anuria was present, 
sufficient time had not elapsed for uremia to 
occur. It is important to distinguish this type of 
case from the above group of cases described by 
Sheehan and Moore where the anatomic lesions 
were almost entirely confined to the tubules. 
We interpret these as cases of acute tubular ne- 
crosis (or less) rather than bilateral cortical ne- 
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crosis, for in none of these was infarctive coagula- 
tion necrosis evident. Rather, cortical necrosis in 
contradistinction to acute tubular necrosis develops 
early in the course of abruptio placentae and not merely 
as a consequence of a hypotensive episode. Our belief 
that the development of the renal lesion is acute and not 
progressive has important clinical connotations. 

In only twenty-three cases did Sheehan and 
Moore find renal cortical necrosis, as we under- 
stand the term, at postmortem examination. Of 
these cases, three showed focal lesions, three 
minor lesions, eight patchy lesions and nine 
gross lesions. Presumably, the renal lesion was 
only incidental to the cause of death in the six 
patients who had focal or minor necroses. Of the 
seventeen cases with patchy or gross variations, 
three patients died shortly after delivery. These 
were anuric, but the full clinical picture of 
uremia had not had time to develop. Ergo, out 
of the seventy-two cases in which Sheehan and 
Moore found areas of necrosis in the renal cortex, 
only fourteen (19 per cent) showed the full clini- 
cal and pathologic picture. This suggests clearly 
that there is a quantitative spectrum not only 
of the anatomic findings at postmortem but of 
the clinical picture. It is not an unwarrantable 
inference that of the patients, in whom abruptio 
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TABLE VI 
SUMMARY CLINICAL FINDINGS IN NINE CASES OF ACUTE TUBULAR NECROSIS 


Obstet- Week 
rical of Hemor- 
Compli- Gesta- | rhage 
cation tion 


Gra- Pre- 
Age vid- natal 
ity Course 


Normal | Non-toxic 
placental 
separation 

Normal | Placenta 
praevia 


Normal | Volvulus 
large bowel 


Normal | Criminal 
abortion 


Normal | Placenta 
praevia 
Toxe- Toxemic 
mia | intrauterine 
death 


Normal | B. welchii 
septicemia 
with prema- 
ture labor 


Post cesarean 
hemorrhage; 
hemorrhagic 
diathesis 


Normal 


} 
| 
| 
| 


| Normal | Inversion of 
uterus 


Shock 


| Pelvic Sull- 


+++ +| Traumatic Still- 


t+ 


+| Pelvic fol- 


Blood 


Non- 


Day of 
Condi- Urine 
tein Death 


Delivery | tion Output : 
Nitro- (post- 
Fetus (24 hr.) 


Remarks 


gen partum 
(mg 


Pelvic Sull- 
born B. welchii 


Superimy osed 


infection 
Cesarean sec- | Alive Never recov- 
tion followed ered from 
by a hyster- shock 
ectomy 
Never recov- 
born ered from 
shoc LS 
Dilatation Non- Hemodialysis 
and Via- 
curettage ble twice 
Cesarean Viable 7 Incompatible 
section 


pertor med 


transiusion 
Old cirrhosis 
pelvic born satisfactory 
delivery hemodialy- 
sis; incom- 
patible bloo« 
transfusion 
Pelvic Still- Potassium 
born intoxication; 
hemodialysis; 
retained 
placental 
iragments 
Elective Viable Incompatible 
repeat blood: potas- 
cesarean sium intoxi- 
section cation; 
unsuccessful 
dialysis 
Viable Overhydra- 
lowed by tion; pul- 
laparotomy monary 
edema; 
prolenged 


shock 


placentae develops in the course of severe toxe- 
mia of pregnancy, those with severe oliguria or 
temporary anuria may indeed have focal or 
minor areas of cortical necrosis, but because the 
quantity of renal tissue destroyed is small, they 
recover following treatment. Of Sheehan and 
Moore’s seventy-two cases, fourteen exhibited 
the usual picture, nine the same picture but to a 
lesser degree with death due to other factors, and 
forty-nine furnished collateral evidence which 
bears upon the pathogenesis of the lesion. 
Analysis of the kidneys in the seven fatal 
cases in this study reveals that in every case 
there was a degree of renal arteriosclerosis usu- 
ally in the arcuate and interlobar arteries, 
and that the thrombi which produced the 
infarctive coagulation necrosis lay distal to 


the sclerotic vessels. The degree of arterio- 
sclerosis was pronounced in the older women in 
this group, those between thirty and forty 
years, and although less marked in the younger 
women, was noticeable. Review of the literature 
indicates that other observers have sporadically 
noted the presence of antecedent nephrosclerosis 
in cases of cortical necrosis, but have failed to 
assign it any particular pathogenetic signifi- 
cance. The present study, however, suggests that 
the pathogenesis of bilateral cortical necrosis 
involves renal arteriosclerosis. The inference is 
that the presence of nephrosclerosis increases the 
vulnerability of the kidney to the insult of 
abruptio placentae and the vast majority of 
women with the latter complication whose 
kidneys escape this lesion presumably have 
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AUTOPSY FINDINGS IN CASES OF ACUTE TUBULAR NECROSIS 


Obstetrical 


Age 
Complication 


38 | Non-toxic 
placental 
separation 
Placenta 
praevia 


Volvulus 
large bowel 

Criminal 
abortion 


Placenta 
praevia 

Toxemic 
intrauterine 


death 


B. welchii 
septicemia 


Postcesarean 


Day of 
Death 


Kidney Findings 


Tubular necrosis with 
heme casts 


Diffuse, ischemic necro- 
sis of almost entire 
tubular epithelium 

Ischemic necrosis of tu- 
bular epithelium 

Acute, tubular necrosis 
heme casts 


Hemoglobinuric 
nephrosis 


Acute tubular necrosis 
with regeneration 


Hemoglobinuric nephro- 
sis secondary to Cl. 
perfringens hemolysis 

Acute tubular necrosis 


Other Findings Miscellaneous 


Generalized B. welchii | Massive shock 
lesions of liver and 
uterus 


Pulmonary edema | Figure 7A 


Gangrene; perforation Overwhelming shock 
and early peritonitis 
Perforation of uterus 
with peritonitis; bilat- 
eral adrenal hemor- 
rhages 
Venous mesenteric Hemorrhagic diathesis 
thrombosis of small secondary to imcom- 
bowel patible transfusion 
Old portal cirrhosis with | Figure 7C 
some acute damage 
necrosis; anterior 
pituitary | 
Retained placenta with | Figure 7B 
Cl. perfringens 
infections 
Central necrosis of liver; | Consistent with pro- 


hemorrhage 


Inversion of 
uterus 


Healing stage of tubular 
necrosis, tubulorrnexis 


retroperitoneal hema- longed shock and anoxia 
toma compressing 
sigmoid and right 
ureter 

Pulmonary edema Figure 7D; cause of 
death, pulmonary 


edema 


essentially normal renal blood vessels. Whether 
or not this is a chance observation, it indicates 
the need for further anatomic studies and cer- 
tainly has significance in the prognosis for pa- 
tients who enter pregnancy with hypertensive 


disease. Moreover, it adds another etiologic 


factor to be considered in the pathogenesis of 


the condition, and is compatible with the clinical 
observation that over 65 per cent of the reported 
cases of renal cortical necrosis complicating 
pregnancy occur in multiparous women over 
thirty years of age when hypertension begins to 
appear with greater frequency. 

The prognosis in any individual case in which 
a diagnosis of renal cortical necrosis is made is 
grave, but review of the literature indicates that 
there are a few well documented cases of renal 
cortical necrosis which have recovered. * In these 
cases the necrosis was focal, for recovery is a 


* See Footnote, page 787. 
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function of the amount of kidney tissue spared. 
It is quite probable that less severe, non-fatal 
cases of renal cortical necrosis occur following 
abruptio placentae in which the correct diagnosis 
of the renal lesion is not made in the absence of 
histopathologic evidence. The frequency with 
which recovery occurs and the extent of perma- 
nent functional damage cannot be estimated as 
yet. The answer will depend on obtaining biopsy 
specimens of the kidney from patients who sur- 
vive acute renal failure complicating pregnancy. 

Although we are unable to define the nature of 
the renal insult, its mode of action appears to be 
one of prolonged intense renal vasospasm, prob- 
ably affecting both arterial and venous channels. 
Following the spasm, there is a period of vascu- 
lar paralysis in which blood flow is reduced and 
thrombi form. It has not been determined 
whether anoxic damage to vascular endothelium 
occurs during the period of intense spasm. If so, 
this would further favor the precipitation of 
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TABLE VIII 


CLINICAL AND 


AUTOPSY FINDINGS OF 


MISCELLANEOUS GROUP 


| 

| Gra- 

Case Age | vid- 
ity 


Prenatal 


Complication 
Course P 


Past History 


Week of 
Gestation 


Autopsy Findings 
Urinary 
Output 
(24 hr.) 


Day of 
Death 
Kidney 


. Anuric Group 


Acute bacterial 
endocarditis 


| 
| Rheumatic heart | Normal 


| disease 
| 


| Postpartum 
(3 wk.) anuria 


| Glomerulo- Normal 


nephritis 


| Negative 
gravidarum intrauterine 

death 

| Normal Thrombo- 

cytopenic 

| purpura 


Negative 


Hyperemesis | Premature labor; 


| 


Post- 


Focal, embolic 
glomerulo- 

nephritis; renal 

infarcts 
Subacute glom- 
erulonephritis; 
diffuse vasculitis 
Fibrin thrombus; 
formation in 
glomeruli 

| Healed tubular 

| nephrosis 

| drug therapy 


40 90 ml. 


Septic infarcts lungs 
and spleen 


| Anuria 
partum 

21 days 


16 Fatty metamorphosis 


| Total 


anuria of liver 


| 
| Anuria |; 70 | Necrotizing allergic 


arteritis; related to 


11. Oliguric Group 


| | 
| Rheumatic heart | Satisfactory 

disease 
Negative Nephro- 
lithiasis 


Pyelitis, acute 


peritonitis 


| Nephrostomy and 


Pyelonephritis, Mitral stenosis 
mild 
Renal infarction 
secondary to 
ligation of 
aberrant artery 


| Diffuse peritonitis 
| acute ulcer, cecum 


u1. Normal Output Group 


Cardiac 
difficulties | 


Rheumatic heart 
disease secondary to 
Rheumatic heart | Septicemia 


disease 


Acute bacterial 
endocarditis 


| 
| 
| 


| Pelvic peritonitis | 


cesarean section 


| 
| 


| 
Septic renal 
| infarcts 


38 Normal Generalized 


peritonitis 


29 | Normal | Septic renal | Acute bacterial 
infarction | endocarditis; septic 


infarction of spleen 


fibrin from serum and the conglutination of 
erythrocytes and platelets. Once the thrombi are 
formed coagulation necrosis of the cortex (all 
structural elements distal to the thrombi) is 
inevitable. Usually there is a failure of urine 
formation within an hour or two after the acute 
onset of placental separation; presumably the 
interval between abruption and infarction is 
relatively short. The observation that the 
thrombi appear to be uniform in age and struc- 
ture in any individual case affords no support for 
theories which postulate spasm restricted to the 
afferent arterioles with thrombin formation at 
that level and retrograde propogation. Appar- 
ently the thrombi form all at once over a short 
span of time. In all probability, by the time a 
patient with uteroplacental apoplexy is admitted 
to the hospital, whatever damage there will be 
to the kidneys has already been determined and 
there is little further damage unless mismanage- 
ment compromises them. There is no evidence to 


suggest a progressive lesion with implications of 
further renal impairment if recovery occurs. 
Under these circumstances, treatment should 
be prompt, carefully applied, and hopeful, 
although the salvage rate is low. It is difficult to 
distinguish at the onset of the disease the few 
patients with focal or minor necroses who may 
recover from those with confluent or gross 
necroses who will die. It is best to assume that 
whatever degree of shock is present is due to 
combined external and concealed hemorrhage 
and restoration of blood volume is indicated. 
Termination of the pregnancy can be delayed 
until a propitious moment. Little is to be gained 
by a hasty hysterotomy on a patient in precarious 
condition. This only adds to the total amount of 
shock and invites further damage to the kidneys. 
The possible complication of hypofibrino- 
genemia should be considered and measures 
instituted promptly to diagnose and treat it.°° 
In general, prevention of renal cortical necrosis 
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is preferable to treating it. The increased 
risk of pregnant woman with antecedent hyper- 
tension to placental separation demands care- 
ful medical supervision of their vascular disease 
and a consideration of obstetrical intervention 
for early delivery, compatible with fetal viabil- 
ity. Such a program should not only minimize 
the risk of abruptio placentae and subsequent 
cortical necrosis but also decrease intrauterine 
fetal loss from superimposed pregnancy toxemia. 

With respect to acute tubular necrosis, the 
principal questions are those of preventability, 
management and residual functional renal 
damage. This syndrome is not peculiar to preg- 
nancy and what has been written, notably by 
Bull,' Oliver? and Swan and Merrill,*' is 
applicable to these cases. In contrast to the non- 
obstetrical patient, the preventable affect of this 
syndrome is worthy of emphasis with respect to 
the pregnant patient and, if properly managed, 
the majority of these should recover. This is in 
contrast to Lucké’s® original estimate that the 
‘mortality in lower nephron nephrosis is 90 per 
cent—although not related to the ability of the 
tubular cells to regenerate but rather a failure of 
the patient to survive sufficiently long for renal 
function to recover.” Clinically, almost every 
case of acute tubular necrosis complicating preg- 
nancy was the direct result of shock either from 
acute blood loss or a hemolytic episode. In those 
cases in which the hemorrhage was external, the 
tubular necrosis was ischemic. Where there was 
intravascular hemolysis, the acute tubular 
necrosis was hemoglobinuric. 

The most common cause of acute tubular 
necrosis in this study was intravascular hemolysis 
due to a transfusion of incompatible blood. Such 
errors occur when emergencies arise and per- 
sonnel are under pressure. They are always pre- 
ventable in retrospect. Another cause of acute 
tubular necrosis was hemorrhagic shock, the 
severity of which was misjudged and which was 
treated with insufficient blood replacement, 
usually after a period of delay. In a few cases 
hemorrhagic shock was the direct sequel of an 
ill-advised traumatic obstetrical maneuver. Ir 
other circumstances hemorrhagic shock com- 
plicated criminal abortions with and without 
sepsis. The pathologic physiology of hemorrhagic 
shock is no different in obstetrical patients than 
in surgical or non-surgical patients; the clinical 
aspects of importance are the unpredictability of 
its occurrence and the fact that blood loss is all 
too frequently underestimated. Although in 
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many of these patients toxemia was a prominent 
feature, often sufficiently severe to serve as the 
indication for obstetrical intervention, renal 
failure was the result of shock during and after 
delivery. /t must be reemphasized that in this group 
one must avoid ascribing residual deficits in renal func- 
tion to the effects of toxemia. 

Follow-up studies have shown that following 
recovery from acute renal failure there may be 
some diminution of renal function which is 
usually subclinical and not associated with 
nitrogen retention. More important, with 
respect to pregnancy is the fact that progressive 
diminution of renal function does not occur 
following recovery unless some other disease 
process causes additional damage to the kidneys. 
Such patients do not appear to be more suscepti- 
ble to subsequent renal injury than do normals 
and, therefore, it is our feeling that in the ab- 
sence of more than minimal impairment of renal 
function subsequent pregnancy is not contrain- 
dicated merely because of a history of previous 
acute tubular necrosis. 

When a clinician is confronted with a patient 
in whom urinary suppression has occurred fol- 
lowing abruptio placentae or severe toxemia, 
it can be of considerable importance to differ- 
entiate between acute tubular necrosis and renal 
cortical necrosis. In general, renal cortical 
necrosis is found in multiparous women over 
thirty years of age with established hypertension 
and with extensive premature separation of the 
placenta. Whereas acute tubular necrosis occurs 
in women of any age or parity who have any 
obstetrical complication sufficient to cause 
sustained renal ischemia as a result of shock. 
Consequently the amount and circumstances of 
the hemorrhage and the degree and duration of 
shock can be extremely helpful. Of particular 
importance, if obtainable, is the sequence of 
clinical events. If anuria is present before shock 
develops or is coincident with the early stage of 
vascular collapse, the diagnosis of renal cortical 
necrosis is more probable. Conversely, if shock 
exists over a period of time and then is followed 
by a reduction of urinary output to oliguric or 
anuric levels, the diagnosis of acute tubular 
necrosis is more likely. Obviously if any hemolytic 
element is present, such as transfusion reaction to 
a mismatched blood, the kidney lesion is acute 
tubular necrosis. Estimation of urinary volume 
and analysis of formed elements is of no special 
value in the differential diagnosis. Needle biopsy 
of the kidney can definitely distinguish the two 
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types of lesions but the procedure is not without 
risk. The importance of the correct diagnosis, 
however, lies not so much in the immediate 
treatment but rather in the ultimate prognosis 
which is very grave in renal cortical necrosis but 
more encouraging in acute tubular necrosis. 

In recent years the importance of chronic 
pyelonephritis in relation to hypertension has 
been appreciated. In a goodly vroportion of 
these cases the disease originates in the course of 
pregnancy. Too frequently, proper follow-up 
examination is not carried out for in a number of 
these patients the kidney infections tends to 
smolder quietly and without symptoms. In this 
era of specialization, such patients may seek 
or receive little medical supervision until they 
appear on medical services in their late 40’s with 
hypertensive disease and badly damaged kid- 
neys. Crabtree and Reid** have described the 
prevalence of this sequence of events. 

The treatment of women with acute renal fail- 
ure in connection with pregnancy is especially 
rewarding because they are young individuals, 
the majority of whom are in good health. Analy- 
sis of pathologic material in this study confirms 
the conclusions of other observers,'7 namely 
that tubular epithelium begins to regenerate 
within two to three weeks. If the patient can be 
sustained over this critical period of renal failure, 
the recovery of renal function is likely. In the 
interim careful attention to water and electrolyte 
balance, prevention of pulmonary edema, reduc- 
tion of protein catabolism, replacement of exces- 
sive electrolyte losses during the diuretic phase 
are all important factors in the therapeutic 
regimen. These principles of therapy are now 
well established. The use of hemodialysis in the 
treatment of acute renal failure from whatever 
source should be considered when good con- 
servative medical therapy has failed to control 
the progress of symptoms and signs which are due 
to uremia. Under these circumstances, it may be 
thought of as an adjunct to, rather than a substi- 
tute for, conservative management. In this sense 
its use should not be delayed until the patient is 
critically ill but transfer should be arranged 
to a center where dialysis is available under the 
coordinated efforts of the physician charged 
with the care of the patient and the operators of 
the artificial kidney. The onset of the clinical 
syndrome of acute spontaneous potassium intoxi- 
cation is a particular hazard in the postpartum 
anuric patients.®® Frequent electrocardiograms 
must be taken in such instances beginning with the 


fourth postpartum day. Where there is evidence 
of the progression of this syndrome the use of 
hemodialysis may be a matter of some urgency 
since this lethal complication responds well to 
this form of treatment when other methods fail. 

Dialysis may be delayed in the face of oliguria 
or anuria if the clinical picture of uremia does not 
develop, for the organism can adapt to azotemia 
and acidosis within limits. If the usual ‘‘medical 
regimen”’ fails, however, the products of nitrogen 
metabolism must be cleared, the pH of the 
blood must be stabilized, and the optimal con- 
centration of electrolytes secured lest irreversible 
damage to the heart or central nervous system 
be sustained. 

CONCLUSIONS 

1. Pregnant women comprise a greater pro- 
portion of patients in whom acute renal failure 
develops than is generally appreciated. 

2. Analysis of the patient’s clinical history and 
the circumstances preceding the development 
of anuria will usually permit the physician to 
furnish a diagnosis of the renal lesion present 
and to offer a prognosis. 

3. The majority of patients in whom acute 
renal failure develops and complicates preg- 
nancy suffer from acute tubular necrosis. This is 
usually the result of shock, either due to uterine 
hemorrhage or intravascular hemolysis. In large 
measure, this renal condition is preventable 
and, when it occurs, is manageable. The mortal- 
ity approaches 25 per cent even with modern 
methods of treatment. Whatever renal damage 
may occur it is not chronically progressive. ‘The 
question of future pregnancies will depend on 
the extent of initial damage sustained. 

4. Renal cortical necrosis is an infrequent 
complication of severe abruptio placentae. It 
occurs chiefly in multiparous women over thirty 
years old. In this series, moderate to severe renal 
arteriosclerosis was present in all cases. It is 
inferred that nephrosclerosis increases the 
vulnerability of the kidney to infarctive coagula- 
tion necrosis which develops secondary to 
thrombosis of the renal arterial tree. Although 
recovery is possible, the prognosis is grave and 
some residual impairment of renal function 
seems likely. 

5. The hazard of pyelonephritis complicating 
pregnancy is re-emphasized in terms of immedi- 
ate risk, its chronicity and relationship to the 
subsequent development of hypertensive vascu- 
lar disease. 


AMERICAN JOURNAL OF MEDICINE 


Renal Lesions and Acute Renal Failure in Pregnancy—Ober et al. 


6. Renal lesions in fatal cases of hyperemesis 
gravidarum may simulate those described as the 
result of potassium depletion. In retrospect, 
deaths from hyperemesis gravidarum which were 
considered to be ‘“‘nutritional’? could in some 
instances have been due to respiratory failure 
resulting from severe hypokalemia. 

7. The renal lesion of severe toxemia of preg- 
nancy is histologically inconstant, infrequent 
and inconspicuous. Although it is often asso- 
ciated with reduced urine output, the oliguria 
must be regarded as extrarenal in origin and 
must not be associated with significant renal 
damage unless medical or obstetrical complica- 
tion intervenes in the form of shock or of a 
hemolytic episode. 

8. An attempt to assess the permanent effect 
of severe pregnancy toxemia on the kidney indi- 
cates that the most important factors are the 
presence or absence of antecedent hypertensive- 
vascular disease and the occurrence of abnormal 
circumstances in delivery, more specifically, the 
presence or absence of a hypotensive episode. 

9. In pregnant and postpartum women potas- 
sium intoxication may develop early in the 
course of acute renal failure. Therefore, in addi- 
tion to accepted medical treatment, hemodialy- 
sis with the artificial kidney must be considered 
as a method of managing such patients early in 
the course of the disease. 
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Case Reports 


Extreme Obesity Associated with 
Alveolar Hypoventilation— 
A Pickwickian Syndrome’ 


SIDNEY BuRWELL, M.D., EUGENE D. Rosin, M.D., RoBERT D. WHALEY, M.D. 
and ALBERT G. BICKELMANN, M.D.T 


Boston, Massachusetts 


HE purpose of this article is to consider the 
‘Eoawee of obesity, somnolence, poly- 
cythemia and excessive appetite. A careful study 
of one patient will be used to illustrate the 
discussion. 


REVIEW OF LITERATURE 


The association of these characteristics has 
long been recognized. Medical texts of the early 
nineteenth century accept the association of these 
signs and symptoms as well established. The fol- 
lowing quotation from Wadd! is an example. “A 
country tradesman aged about thirty, of a short 
stature and naturally of a fresh, sanguine com- 
plexion and very fat applied to me for assistance. 
He complained of perpetual drowsiness and in- 
activity. His countenance was almost livid and 
such a degree of somnolency attended him that 
he could scarce keep awake whilst he described 
his situation. In other respects he was well.”’ 

A classic description of the association of signs 
and symptoms under discussion was written by 
Charles Dickens.*? The author refers to “A fat 
and red-faced boy in a state of somnolency.”’ 
This boy was subsequently addressed as “‘ Young 
Dropsy,” ““Young Opium-Eater” and ‘‘Young 
Boa Constrictor’’—no doubt in reference to his 
obesity, his somnolence and his excessive appe- 
tite, respectively. A characteristic of these pa- 
tients is an extraordinary degree of somnolence 
in which sleep may overcome the patient while 


he is sitting up or even while he is engaged in 
conversation or other muscular activity. The 
somnolence of his character was described by 
Mr. Dickens in the following words: 

‘‘A most violent and startling knocking was 
heard at the door; it was not an ordinary double 
knock, but a constant and uninterrupted suc- 
cession of the loudest single raps, as if the 
knocker were endowed with the perpetual mo- 
tion, or the person outside had forgotten to leave 
off. 

“Mr. Lowton hurried to the door. . . . The 
object that presented itself to the eyes of the 
astonished clerk was a boy—a wonderfully fat 
boy— .. . standing upright on the mat, with 
his eyes closed as if in sleep. He had never seen 
such a fat boy, in or out of a traveling caravan; 
and this, coupled with the utter calmness and 
repose of his appearance, so very different from 
what was reasonably to have been expected of 
the inflicter of such knocks, smote him with 
wonder. 

*What’s the matter?’ inquired the clerk. 

‘“‘The extraordinary boy replied not a word; 
but he nodded once, and seemed, to the clerk’s 
imagination, to snore feebly. 

‘““*Where do you come from?’ inquired the 
clerk. 

‘The boy made no sign. He breathed heavily, 
but in all other respects was motionless. 

“The clerk repeated the question thrice, and 
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receiving no answer, prepared to shut the door, 
when the boy suddenly opened his eyes, winked 
several times, sneezed once, and raised his hand 
as if to repeat the knocking. Finding the door 
open, he stared about him with astonishment, 
and at length fixed his eyes on Mr. Lowton’s 
face. 


~ 
~ 


- 


Fic. 1. Thomas Nast’s drawing of the fat boy in “The 
Pickwick Papers.” 


***What the devil do you knock in that way 
for?’ inquired the clerk, angrily. 

** “Which way?’ said the boy, in a slow, sleepy 
voice. 

** ‘Why, like forty hackney-coachmen,’ replied 
the clerk. 

** “Because master said I wasn’t to leave off 
knocking till they opened the door, for fear I 
should go to sleep’ said the boy.” 

Figure 1 represents Thomas Nast’s drawing of 
Mr. Wardle’s boy, Joe.* This masterful de- 
scription by Charles Dickens of a patient with 
marked obesity and somnolence is the first com- 
plete description of this syndrome that we have 
been able to find in the literature. For this reason 
we have called it the Pickwickian syndrome. 
(Table 1.) 

Attention may be drawn to a few recent publi- 
cations which are also relevant to the particular 
patient to be presented. In our own laboratories 


at the Peter Bent Brigham Hospital and at the 
Boston Lying-In Hospital pertinent observations 
on pulmonary function in obesity and in preg- 
nancy have been made by Woodbury and by 
Merriman.‘ Cugell and his colleagues at the 
Boston City Hespital® have made systematic 
studies of pregnant women and comparable 


TABLE | 
CLINICAL FEATURES OF THE PICKWICKIAN SYNDROMI 
1. Obesity, marked 
. Somnolence 
. Twitching 
. Cyanosis 
Periodic respiration 
Polycythemia, secondary 
Right ventricular hypertrophy 
Right ventricular failure 


studies of patients with ascites have been made 
by Abelman et al.* In general the observations of 
these workers have indicated that increasing ab- 
dominal girth, whether from an enlarging uterus, 
ascites or obesity, is accompanied by a decreasing 
expiratory reserve and that when the increase in 
girth is extreme, it may lead to a state of rela- 
tive ventilatory insufficiency. 

In 1954 Sieker and his colleagues’ reported on 
four patients who exhibited extreme obesity and 
in whom somnolence, periodic respirations, in- 
termittent cyanosis, polycythemia and right axis 
deviation were also noted. Ventilatory studies 
showed decreased total lung volume, decreased 
functional residual capacity and decreased 
expiratory reserve volume. The study by Sieker 
et al. is the first modern and scientific description 
of this syndrome which they named “obesity 
heart disease.”’ This term appears inaccurate if 
the heart disease in this group of patients is, as it 
seems to be in our patient, secondary to pul- 
monary disease of an unusual variety. This con- 
cept will be discussed at greater length. Among 
the important additions to our knowledge made 
by these workers was the demonstration that 
many aspects of this syndrome could be reversed 
by a sufficient loss of body weight. 

A patient similar in many respects to ours was 
described by Auchincloss et al.* This patient was 
an obese young man who exhibited many of the 
phenomena presented by our patient. A weight 
Joss of 24 pounds and multiple phlebotomies 
were followed by a decrease in the dyspnea and 
edema but not by a disappearance of physiologic 
abnormalities. Alveolar hypoventilation, arterial! 
hypoxia and hypercapnia were still present. 

Weil’ reported on two patients in whom 
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obesity and polycythemia were associated and in 
whom weight reduction was accompanied by a 
return of the hematocrit to normal. It is probable 
that most cases in which the association of poly- 
cythemia and obesity is present are examples of 
the Pickwickian syndrome. 


CASE REPORT 


An example of the syndrome under discussion is 
presented in the following patient. He was a fifty-one 
year old business executive who entered the hospital 
because of obesity, fatigue and somnolence. This pa- 
tient reported that he had been overweight all his 
remembered life and for many years had weighed 
approximately 200 pounds. When this weight was 
maintained, he was alert, vigorous and able to work 
long hours. The patient was accustomed to eating 
well but did not gain weight progressively until about 
one year before admission. At this time driven, as he 
said, by anxieties and frustrations he increased his 
intake of food and began progressively to gain weight. 
As the patient gained weight his symptoms appeared 
and became worse. He was unable to give the specific 
date of the onset of his symptoms but he reported that 
during the year preceeding admission he had often 
fallen asleep while carrying on his daily routine; 
indeed, during the latter part of the year he some- 
times found it difficult to distinguish between reality 
and dreams. He noticed that dyspnea which he had 
long associated with vigorous exercise was produced 
by less exertion than formerly and that his breathing 
was often rapid and shallow even when he was resting. 
On several occasions he suffered brief episodes of 
syncope. Persistent edema of the ankles developed. 
These symptoms which continued in spite of treatment 
with digitalis, mercurial diuretics and phlebotomy 
gradually became worse. Finally an experience which 
indicated the severity of his disability led him to seek 
hospital care. The patient was accustomed to playing 
poker once a week and on this crucial occasion he was 
dealt a hand of three aces and two kings. According to 
Hoyle" this hand is called a “full house.’ Because he had 
dropped off to sleep he failed to take advantage of this oppor- 
tunity. A few days later he entered the Peter Bent 
Brigham Hospital. 

Physical examination revealed an _ extremely 
obese man, 5 feet 5 inches tall who weighed 263 
pounds. He was florid and had cyanosis of the face and 
nailbeds but no clubbing of the fingers. He was ex- 
tremely somnolent and several times fell asleep in the 
middle of a conversation. His eyes would close and he 
would snore. When roused, however, his mind was 
clear and his intelligence was obvious. If the patient 
sat down in a chair, he usually fell asleep promptly 
and on several occasions fell asleep while standing. 

Irregular twitching movements of many muscle 
groups were observed while the patient was sleeping 
and during his more active hours. His respirations 
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were variable but generally were shallow and rapid 
and exhibited a definite tendency to periodicity. This 
periodic respiration differed from the usual Cheyne- 
Stokes breathing in that periods of apnea alternated 
with periods of tachypnea rather than hyperpnea. 
His general contour was strikingly similar to that of 
the boy shown in Figure 1. 

It was notable that this man in whom cyanosis and 
abnormal respirations were present had no abnormal 
physical signs in his lungs. Observation of the patient’s 
chest movements suggested that the extent of these 
movements was less than normal but the percussion 
note over the lungs was resonant; the breath sounds 
although distant were not otherwise abnormal and 
no rales were heard. The heart was entirely normal on 
physical examination although the patient’s extreme 
obesity made the examination difficult. The neck 
veins appeared to be somewhat distended. The liver 
was demonstrably enlarged, the edge being felt 5 cm. 
below the right costal margin. The abdomen was 
extremely obese. Definite edema of the ankles was 
noted. 

A routine neurologic examination revealed no 
abnormalities of reflexes or of sensation. Electro- 
encephalograms and roentgenograms of the skull were 
normal. The extreme somnolence was the only ab- 
normal manifestation of the central nervous system. 
At the time of observation this was so marked that 
more than once the patient fell asleep in the middle of 
a sentence. 

Laboratory studies were informative. Urine analysis 
was normal. The hematocrit was 65 per cent. The 
white cell count, the differential count and the blood 
smear were normal. Blood chemistry studies indicated 
no fundamental abnormality of renal or of hepatic 
function. 

The circulation was studied by usual methods. The 
arterial pressure was 120/90 and the venous pressure 
was 165 mm. of water. The circulation time (decho- 
lin®) was 23 seconds. The electrocardiogram at the 
time of admission showed auricular premature beats, 
low voltage and an incomplete right bundle branch 
block. 

X-rays of the chest were interesting. Both sides of 
the diaphragm were elevated; this was especially 
marked on the right side. The heart was somewhat 
enlarged in transverse diameter but did not exhibit 
specific enlargement of any chamber. A curious 
rounded shadow closely connected with the lower 
pole of the right hilum was observed. This raised the 
possibility of a pulmonary arteriovenous fistula but 
despite laminagrams and angiograms no more ac- 
curate definition could be made of this shadow. 
For approximately six months this shadow has been 
observed with no evidence of alteration. 

Preliminary investigations indicated definite ab- 
normalities of pulmonary function in that this patient 
had arterial oxygen unsaturation and marked hyper- 
capnia. Therefore further studies were made of pul- 
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monary function to isolate the physiologic disturbances 
present and to elucidate their mechanism. 

METHODS 


Standard methods were used for the determination 
of lung volumes, functional residual capacity, index of 


Moximum Breathing Capacity 
L/min. 


Vital Copocity, L 


Weight, Kg. 


Weeks 


Fic. 2. Changes in pulmonary function with changes in 
weight. 


pulmonary mixing, arterial oxygen saturation and 
carbon dioxide content, one-second vital capacity and 
maximum breathing capacity." 

The alveolar-arterial oxygen gradient was deter- 
mined by means of the Riley technic.'* Pulmonary dif- 
fusion was also studied by means of the carbon 
monoxide single breath method.’* Physiologic dead 
space and alveolar ventilation were calculated from 
the Bohr equation, using arterial PCO» as equal to 
alveolar PCO». The sensitivity of the respiratory center 
to carbon dioxide inhalation was studied by a modifi- 
cation of the technic of West et al.'* The results of 
these studies are tabulated in Table u. The various 
pulmonary functions and related figures are reported: 
(1) at the patient’s original weight, (2) after loss of 
17.8 kg. and (3) as values predicted for the patient's 
height and weight after reduction. The results will be 
discussed herein. Successive values for some of these 
measurements during weight reduction are shown in 
Figures 2 and 3. 

Therapy consisted chiefly of enforced weight reduc- 
tion by means of an 800-calory diet. On this regimen 
the patient’s weight fell from 121.4 to 103.6 kg. ina 
period of three weeks. As he lost weight his som- 
nolence, twitching, periodic respiration, dyspnea and 
edema gradually subsided and his physical condition 
became essentially normal. 


INTERPRETATION OF DATA 


During weight reduction the total vital capac- 
ity increased from 1.6 to 4.2 L. However, the 
most striking change in lung volumes was in the 
expiratory reserve volume which increased dur- 
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ing weight loss from 0.46 to 1.8 L. It is note- 
worthy that the residual volume was low (1.66 
L.) rather than high and changed insignificantly, 
rising only to 1.8 L. after weight reduction. This 
indicated that no significant degree of pul- 
monary emphysema was present. The functional 


Arterial Oxygen Soturation, % 


Arterial Carbon Dioxide Tension 
mm.Hg 


Alveolar Ventilation, L/min 


Weeks 


Fic. 3. Changes in arterial blood gas and alveolar venti- 
lation with changes in weight. 


residual capacity changed from 2.1 to 3.6 L. 
and the total lung volume from 3.3 to 6.0 L. 
The physiologic dead space, which is normally 
between 150 and 225 ml., was calculated as 372 
ml. when the patient entered the hospital and as 
147 ml. after weight reduction. 

The observations on ventilation are perhaps 
the most significant. With weight reduction the 
tidal volume increased from 315 to 365 ml. The 
total minute volume altered only from 6 L. per 
minute to 7.3 L. per minute. The significant 
and perhaps most important finding was an 
alteration in alveolar ventilation from 2.7 L. per 
minute to 4.4 L. per minute. 

Distribution within the lungs was found to be 
normal by determination of the index of pul- 
monary mixing. The diffusion capacity of the 
lungs by the alveolar—arterial oxygen gradient 
and by the carbon monoxide single breath 
method was within normal limits. 

The study of arterial blood gases was more 
revealing. When this patient was first studied, 
the oxygen saturation of the arterial blood while 
breathing room air was 80 per cent and after 
weight reduction was 98 per cent. These studies 
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were repeated after the inhalation of 100 per 
cent oxygen for 15 minutes. When the patient 
was first studied in the obese state, the oxygen 
saturation rose only from 80 to 97 per cent. It 
thereby failed to reach the predicted value of 
105 per cent; this suggested the possibility of a 
right-to-left shunt within the heart or lungs. * 
When this test was repeated after weight reduc- 
tion, the observed saturation of 106.5 per cent 
was equal to the predicted value and thus was a 
strong argument against the presence of a right- 
to-left shunt. 

In view of this observation and the hilar 
shadow on x-ray it is necessary to consider the 
possibility that a right-to-left shunt was present 
before weight reduction and was absent after 
weight reduction. Considering all the evidence 
this appears unlikely. 

One of the most striking observations con- 
cerned the PCO, in the arterial blood which was 
73 mm. Hg when first observed during the 
patient’s obese state. It fell progressively during 
weight reduction as shown in Figure 3 and at the 
end of the period of observation was 37 mm. Hg, 
a normal figure. While this was taking place the 
PO, in the arterial blood was rising from a low 
of 52 mm. Hg to a high of 110 mm. Hg, a high 
normal figure. The pH was slightly below nor- 
mal when the patient was in the obese state but 
thoroughly normal after weight reduction. 

The changes in the mechanics of breathing 
were also striking. The spirogram showed no air 
trapping at any time in either state and the one- 
second vital capacity was a normal percentage of 
the total both before and after weight reduction. 
The maximun: breathing capacity, however, 
showed a striking change. It was 41.5 L. per 
minute before weight reduction and rose pro- 
gressively to the essentially normal figure of 
133 L. per minute after weight reduction. 

The sensitivity of the respiratory center to car- 
bon dioxide stimulation was studied shortly after 
admission and again after weight reduction. 
The effects of increased tensions of carbon 
dioxide on alveolar ventilation are shown in 
Figure 4. It is clear that at the time of admission 


* The failure to achieve full saturation on the inhala- 
tion of 100 per cent oxygen for 15 minutes has been re- 
ported as indicating the presence of an anatomic right-to- 
left shunt.'® This is usually the case but it has been our 
experience that patients with severe pulmonary disease 
may also exhibit undersaturation on 100 per cent Oz in- 
halation for 15 minutes. With improvement in the pul- 
monary status full saturation may then be attained. Our 
patient is an example of this phenomenon. 
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when the patient had a high arterial PCO: the 
sensitivity of the respiratory center was far below 
the normal level. However, after weight reduc- 
tion this patient responded in an essentially nor- 
mal manner. 

These observations are of importance for three 


uction 
7 Before Weight Reo 


Alveolar Ventilation L./min 


4 4 j 


4 
40 42 44 48 
Arteria! Carbon Dioxide Tension, mm.Hg 


Fic. 4. Respiratory center “‘sensitivity”’ to carbon dioxide 
before and after treatment. Each point represents the 
alveolar ventilation at an observed arterial carbon 
dioxide tension. 


reasons: (1) They rule out a central lesion in- 
volving the respiratory center as the cause of this 
patient’s hypoxia and hypercapnia. (2) They 
demonstrate the fact that prolonged exposure to 
high levels of carbon dioxide produces adapta- 
tion so that an increase in arterial PCO: no 
longer produces a normal augmentation of 
ventilation. This response to increased arterial 
PCO, has been categorized as a ‘‘diminished 
respiratory center sensitivity.”’ (3) They illus- 
trate that this diminished respiratory center 
sensitivity can be reversed by decreasing arterial 
PCO, to a normal level.'® 

These studies enable us to rule out for all prac- 
tical purposes such chronic pulmonary diseases 
as fibrosis, emphysema or chronic bronchial dis- 
order. Against the presence of any one of these 
we cite the following points: (1) the absence of 
cough, sputum and wheezing, (2) the normality 
of the lungs on physical examination, (3) the 
absence of signs associated with emphysema on 
the x-ray film, (4) the fact that the lung volumes 
and the pattern of ventilation do not fit the diag- 
nosis of emphysema or pulmonary fibrosis, 
(5) the normal level of pulmonary diffusion when 
studied by the carbon monoxide single breath 
method and by the alveolar—arterial gradient 
and (6) the normal level of the index of pul- 
monary mixing. 

These findings enable us also to rule out a 
pulmonary arteriovenous shunt as a major factor 
in the situation, since the alveolar ventilation is 
low rather than high and the arterial carbon 
dioxide tension is high rather than low. 
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TABLE II 
PULMONARY FUNCTION STUDIES 


Lung Volumes (BTPS) 
Inspiratory capacity L 
Expiratory reserve volume, L.. . 
Vital capacity, I 
Residual volume, I 
Functional residual capacity, L...... 
Total lung volume, I 
Dead space, physiologic, ml 


Tidal volume, ml./breath 

Frequency, breaths/min 

Minute volume, L./min 

Alveolar ventilation, L./min 

Oxygen consumption, resting, ml./min. STPD 


Distribution 


Pulmonary mixing index, % nitrogen in expired gas 


Alveolar-arterial oxygen gradient, mm. Hg 
Carbon monoxide, single breath, ml. CO/min./mm. Hg 


Arterial Blood 


Oxygen saturation, %, ai 

Oxygen saturation, %, 100% oxygen. 
Carbon dioxide tension, mm. Hg 
Oxygen tension, mm. Hg 


Mechanics of Breathing 
Maximum breathing capacity, L./min 

Air trapping 

Vital capacity, one sec., % of total 


Respiratory Center Sensitivity 


Increase in alveolar ventilation per unit increase in arterial carbon dioxide tension 
L./min./mm. Hg 


Before After 
Weight Weigh 
Reduction | Reducti 


133.0 
None 
83 


Predicted 
t After 
on | Reduction 


Nm We 


1.30 
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1.66 1.83 80 
2.12 3.63 40 
shaft 3.32 6.03 6.00 
372 147 150-225 
Ventilation (BTPS) 
Diffusion 
41.5 122.0 
81 >75 
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We can conclude at this point that the major 
physiologic abnormality demonstrated was an 
inadequate alveolar ventilation. 


PHYSIOLOGIC MECHANISMS 


A low alveolar ventilation leads to a low 
alveolar oxygen and a high alveolar carbon 


Alveolor Ventilation, L/min 


500 450 400 380 300. 250 200 150 

Tidol Volume, mi /breath 
Fic. 5. The effect of decreasing tidal volume on alveolar 
ventilation, assuming a constant minute volume and a 
constant dead space. 


dioxide and therefore explains the arterial blood 
gas tensions in this patient. It seems reasonable 
to conclude that inadequate alveolar ventilation 
caused this patient’s chronic hypoxia and 
chronic hypercapnia. These in turn could pro- 
duce cyanosis and the resultant polycythemia, 
somnolence, periodic breathing, and the other 
symptoms and signs present in this patient. 

If, as appeared possible, the hypoventilation of 
the alveoli was due to the increase in weight, 
then the final test would be the effect of weight 
reduction on the pulmonary functions and the 
general status of the patient. It does appear from 
a study of Table m and Figures 2, 3 and 4 that 
weight-reduction was followed by an improve- 
ment in the level of alveolar ventilation and by a 
restoration of the various values relating to pul- 
monary function to essentially normal levels. 

It is now necessary to consider whether or not 
there is any reason to believe that extreme and 
progressive obesity can lead to subnormal 
alveolar ventilation and so set in motion the 
complicated course of events and the results 
observed in this patient. It is known that obesity 
leads to a low expiratory reserve volume and to 
a diminished functional residual capacity. 
These changes have certain practical disad- 
vantages in that they deprive the patient of cer- 
tain buffer mechanisms normally available and 
permit unusual fluctuations in the blood gases. 
It has been observed‘ that, by some mechanism, 
in patients with a high degree of obesity there is a 
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tendency to shallow respiration. The precise 
mechanism by which obesity leads to shallow 
respiration is not known. Butler and Arnott!® 
have shown that below the usual level of respira- 
tion, that is, as the lung approaches the expira- 
tory position, the work of breathing increases. 
Therefore the obese man with a diminished ex- 


100 


Minute Volume Neo 


L i 
400 300 200 
Tidal Volume mi./breath 


Fic. 6. Calculated respiratory rate and minute volume 
necessary to maintain a constant alveolar ventilation as 
tidal volume decreases. 


piratory reserve volume will do more work than 
is normally required to maintain his alveolar 
ventilation. Such an increase in work may con- 
ceivably lead to a change in the type of breathing. 
If this work demand or some other change asso- 
ciated with obesity can lead to shallow respira- 
tion, then the rest of the sequence leading to 
alveolar hypoventilation is not difficult to 
explain. 

Shallow breathing leads to alveolar hypo- 
ventilation because ventilation of the anatomic 
dead space must occur before alveolar ventila- 
tion can take place. By the Bohr equation: 
alveolar ventilation per breath = tidal volume— 
dead space ventilation per breath. Therefore at a 
constant minute volume any reduction of tidal 
volume will mean an automatic reduction of 
alveolar ventilation. This is shown graphically in 
Figure 5. An anatomic dead space of 150 ml. and 
a constant minute volume of 6.5 L. are assumed. 
Despite the maintenance of a constant minute 
volume by an increased respiratory rate, 
alveolar ventilation falls as tidal volume falls 
that is, as breathing becomes more shallow. 

When the reduction of tidal volume reaches a 
critical point, the maintenance of alveolar ven- 
tilation by means of increased respiratory rate 
becomes impossible. (Fig. 6.) In this figure the 
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respiratory rate and minute volume necessary 
to maintain normal alveolar ventilation have 
been calculated on the assumptions that 
anatomic dead space is 150 ml. and that alveolar 
ventilation is 4.55 L. per minute. As tidal 
volume becomes less than 250 ml. respiratory 
rates greater than 40 per minute become neces- 
sary. Although it has been shown that even at 
tidal volumes which are smaller than dead space 
volume some alveolar ventilation takes place, *'* 
it can be seen that continued shallow respiration 
means eventual alveolar hypoventilation. For 
example, it is generally accepted that when pa- 
tients in tank respirators are forced to rapid and 
shallow breathing alveolar hypoventilation de- 
velops resulting in high levels of carbon dioxide 
and low levels of oxygen. 

It is suggested that periods of shallow breath- 
ing may develop under the mechanical condi- 
tions existing in obese patients, and that such 
periods of shallow breathing may in some pa- 
tients set off a progressive and vicious cycle which 
in extreme cases may lead to the pitiable state in 
which this patient presented himself. At any 
rate, there is accumulating evidence that in 
some individuals there is a critical degree 
of obesity at which ventilatory insufficiency 
appears. 

The heart disease manifested by this patient 
was Clearly related to his underlying pulmonary 
disease. The peripheral edema, venous hyper- 
tension, hepatomegaly and even the incomplete 
right bundle branch block disappeared as the 
patient lost weight and his pulmonary status 
improved. Thus this form of heart disease is 
properly classified as a form of cor pulmonale. 
The return to normal of this patient’s pulmonary 
and cardiac status makes this syndrome an 
example of curable heart and lung disease. 


SUMMARY 


The association of alveolar hypoventilation 
with obesity is described. The literature relating 
to the clinical manifestations of this association 
is reviewed. 

A patient is presented in whom these phe- 
nomena are illustrated. The physiologic defects 


* Maintenance of alveolar ventilation when tidal 
volume is less than dead space volume is accomplished 
by two mechanisms: (1) centrally placed alveoli with a 
dead space less than 150 ml., (2) inspired air travelling 
as a cone front rather than as a square front. 


present were isolated by means of pulmonary 
function tests. Reversal of these defects was 
achieved by means of weight reduction. 
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A Peculiar Type of Cardiopulmonary F ailure 
Associated with Obesity’ 


DouGLas CARROLL, M.D. 


Baltimore, Maryland 


HERE have been several recent reports of 

patients with extreme obesity associated 
with cyanosis, polycythemia, hypercapnia and 
right-sided heart failure without recognizable 
heart or lung disease.'~* This is an account of 
two similar patients, one of whom was examined 
postmorte..l. 


CASE REPORTS 


J. E. (Johns Hopkins Hosp. Hist. No. 
161770), a white man who was forty-eight years old 
when he died, was admitted to the hospital four times 
between 1942 and 1954, complaining of dyspnea and 
severe swelling of the ankles. Except for intermittent 
bursitis of the left subacromial joint, the patient’s 
difficulty had been associated with obesity and heart 
failure. 

He was of German stock. His mother weighed 250 
pounds and his father 270 pounds. The patient ate 
large amounts of pork chops, potatoes and bread. 
At the age of five, he was known as “Fatty.” At the 
age of fifteen, he weighed 150 pounds; at thirty, 296; 
at thirty-two, 367 and at thirty-five, 420 pounds. In 
1939, when he weighed 371 pounds, his blood pressure 
was 140/100 mm. Hg (small blood pressure cuff). 
Examination was not remarkable except for obesity. 
The urine showed a trace of albumin, the phenol- 
sulfonphthalein excretion was 62 per cent in two 
hours. The hematocrit was 49. The patient was 
thoroughly studied at this time but no cause other than 
overeating could be found for the obesity. He re- 
mained well until March, 1941, when he began to 
have exertional dyspnea. This was followed by rather 
sudden edema of the ankles and increase in weight. 
He was treated with ammonium chloride alone with 
moderate success. In January, 1942, however, the 
dyspnea became worse and he gained thirty pounds 
in the next month. Because of lack of response to 
diuretics, he was admitted to the hospital. 

On the first admission (February 9 to April 4, 1942) 
the patient was extremely obese. The blood pressure 
was 130/80 mm. Hg (large blood pressure cuff) 
and was never elevated on subsequent determinations. 
There was marked brawny edema of the legs. Slight 
cyanosis was noted. The heart was enlarged, the 


CASE I. 


sounds were distant, the rhythm was regular and no 
murmurs were heard. There were expiratory high 
pitched dry rales but no moist rales were heard. The 
physical examination and laboratory data were other- 
wise normal except for an erythrocyte count of 6.4 mil- 
lion per cu. mm., hemoglobin 16 gm. % and hema- 
tocrit 56%. X-rays revealed a grossly enlarged heart. 
The venous serum carbon dioxide content was 30.4 
mEgq./L. The urine was normal and the phenol- 
sulfonphthalein excretion was 90 per cent in two 
hours. The electrocardiogram was normal except for a 
PR interval of 0.22 seconds. 

Digitalis was administered to the patient, he was 
placed on a low salt diet and given mercupurin. On 
this regimen the venous pressure fell from 235 mm. of 
saline on admission to 90 mm. during the second week. 
The weight fell from 420 to 365 pounds in the first 
week and at the time of discharge the patient weighed 
335 pounds. 

During the next four years the patient felt well on a 
regimen of digitalis and intermittent ammonium 
chloride and was able to work as a machinist. He was 
readmitted in 1948 because of increasing dyspnea 
and edema of the ankles which did not respond to 
weekly injections of mercupurin and 0.4 gm. digitalis 
daily. 

At the time of the second admission (May 30 to 
June 28, 1948) the patient weighed 355 pounds. 
Marked purplish cyanosis was now noted. Moderate 
orthopnea was observed. The lungs were clear. The 
heart rhythm was irregular, the heart was enlarged 
but no murmurs were present. Liver dullness was 
percussed 8 cm. below the right costal margin. 
Marked pitting edema was present. Clubbing of the 
fingers was noted for the first time. The erythrocyte 
count was 8.3 million, the hemoglobin 23.5 gm. and 
the hematocrit 70. On admission the venous serum 
carbon dioxide content was 35 mEq./L. The elec- 
trocardiogram showed auricular fibrillation with 
right axis deviation. 

The treatment and response were similar to those 
on the previous admission except for the development 
of jaundice. The bilirubin rose to 5.9 mg. per cent on 
the seventh hospital day and subsequently declined to 
1.8 mg. per cent at the time the patient was dis- 
charged. The thymol turbidity was 7.7 units and the 


* From the Johns Hopkins Medical Service, Baltimore City Hospitals, Baltimore, Maryland. 
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TABLE I 
STUDIES ON CASE I 


Vital | Maximum Arterial 
Breathing 
Capacity Capacity 


(L.) (L./min.) 


Saturation 


Predicted 112 
Values 
Date: 
1939 
1942 
1948 


1952 
1953 
1954 


Oxyhemoglobin | 


Hematocrit | Weight 


(Ib.) Electrocardiogram 


(%.-) 


Normal 
Auricular fibrillation, right axis 
deviation 


Auricular fibrillation, right ven- 
tricular hypertrophy 


cephalin flocculation test 3 plus. The bromsulphalein® 
retention was 55 per cent in thirty minutes. All these 
values had returned to normal by the time the patient 
was discharged. Studies of the arterial blood on the 
second hospital day showed that the whole blood car- 
bon dioxide content was 23.3 mEq./L. and the oxy- 
hemoglobin saturation was 63 per cent. The vital 
capacity was 34 per cent of the predicted value. 
(Table 1.) 

Attempts to revert the auricular fibrillation to sinus 
rhythm with quinidine were unsuccessful. A total of 
6,500 cc. of blood was withdrawn and at the time the 
patient was discharged the hematocrit was 50. When 
discharged from the hospital, he weighed 289 pounds. 
The patient was then followed continuously in the 
cardiac clinic. He required digitalis, constant efforts to 
maintain a low salt and low caloric diet and frequent 
mercurial diuretics and phlebotomies. 

Repeated studies were made in an attempt to 
diagnose the patient’s heart disease. Early in 1952 a 
pneumotachogram showed abnormally slow velocity 
of air flow during inspiration and expiration. No 
abnormality of bronchial resistance could be demon- 
strated by determining alveolar pressures. At this 
time the arterial blood oxyhemoglobin saturation 
was 86 per cent on room air and 94 per cent on 100 per 
cent oxygen. The vital capacity was 37 per cent and 
the maximal breathing capacity 29 per cent of pre- 
dicted values. The total lung capacity was 65 per cent 
of the predicted value and the residual volume was 47 
per cent of the total capacity.® (Table 1.) 

Despite continuous treatment in the outpatient 
department, edema began to recur and the patient 
was readmitted to the hospital. 

On the third admission (March 23 to April 4, 1953) 
the results of the examination did not differ greatly 
from those on previous occasions except for more 
intense cyanosis and plethora, more edema with 


ascites and scrotal swelling. A few coarse expiratory 
wheezes were present and auricular fibrillation per- 
sisted. He weighed 328 pounds on admission and 251 
pounds when discharged. The venous serum carbon 
dioxide content was again elevated at admission 
(32.2 mEq./L.) and fell during the first week (28.4 
mEq./L.). Following discharge the patient felt well for 
approximately one year but again dependent edema 
began to develop and he was readmitted to the hospital. 

On the fourth admission (April 15 to June 4, 1954) 
no essential change had occurred since the previous 
admission. The blood pressure was 92/70 mm. Hg. 
Cyanosis was marked, and clubbing was more promi- 
nent. A moderate number of medium moist rales were 
heard over the lower portion of the chest. The heart 
was enlarged both to the right and left. The rhythm 
was completely irregular with a pulse deficit of 10 
beats. The second pulmonic sound was accentuated. A 
grade 2 systolic murmur was heard at the apex. Pe- 
ripheral edema was extreme. The patient was treated 
with the usual measures and with diamox.® The elec- 
trocardiogram showed more marked right axis 
deviation, auricular fibrillation, right ventricular 
hypertrophy and low voltage. With treatment the 
weight dropped from 287 to 213 pounds. 

During this admission there was persistent 2 plus 
albuminuria. The phenolsulfonphthalein test showed 
55 per cent excretion in two hours. White and red 
blood cells were found on repeated urine examina- 
tions. A left renal calculus was demonstrated on the 
flat plate of the abdomen. 

The patient returned to the outpatient department 
and seemed to be doing well on large doses of mer- 
curials, digitalis, low salt diet and diamox. When last 
seen on February 17, 1955, he appeared well. On 
March 7, 1955, he suddenly became sick, was taken to 
the accident room of another hospital and was dead on 
arrival. 
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At autopsy the body weighed 246 pounds. There 
was moderate peripheral pitting edema of the legs. 
The abdominal cavity contained 300 cc. of pale yel- 
low fluid, and the thoracic cavities contained 200 cc. 
of fluid on both sides. There were a few fibrous ad- 
hesions at the apexes and no excessive pericardial 
fluid. 

The heart weighed 700 gm. There was marked 
dilatation and hypertrophy of the right atrium and 
right ventricle. The average thickness of the left 
ventricular wall was 17 mm. and of the right ven- 
tricular wall 8 mm. The valves were normal in ap- 
pearance with normal circumferences. There was no 
excessive fat around the heart. The foramen ovale was 
closed. The coronary arteries were widely patent and 
no myocardial lesions were seen. The lungs together 
weighed 1,900 gm. The blood vessels were normal. 
Scattered areas of consolidation were present through- 
out both lungs. The liver weighed 1,900 gm. and on 
section was nutmeg in appearance. The spleen meas- 
ured 19 cm. by 5 cm. and weighed 720 gm. The cap- 
sule was taut, the pulp was red and the architecture 
obscure. The kidneys were grossly normal but there 
were small black friable stones in the calyces of both 
kidneys. No infection or dilatation of the pelvis of the 
kidney was observed. 

Microscopic examination of the organs revealed no 
abnormalities except for diffuse bronchopneumonia 
and an acute splenic tumor. In particular there were 
no abnormalities of the myocardium or the vessels of 
the lungs. No evidence of emphysema was observed. 

Death was believed to have been caused by diffuse 
bronchopneumonia and heart failure although the 
right ventricular hypertrophy was unexplained. 

Both parents of this forty-eight year old patient were 
extremely obese. The patient was a heavy eater and 
had been obese all his life. At the age of thirty-five 
he began to have exertional dyspnea and right-sided 
heart failure. At this time cyanosis and polycythemia 
were noted. The cardiac failure responded well to 
digitalis, diuretics and a low salt diet but over the next 
thirteen years the cyanosis and polycythemia in- 
creased. The heart enlarged and auricular fibrillation 
became established. Finally, right axis deviation ap- 
peared on the electrocardiogram although it had 
been normal previously with the same degree of 
obesity. Clubbing of the fingers appeared. Following 
the patient’s discharge in 1948 the hematocrit was 
maintained near normal with repeated phlebotomies. 
Carbon dioxide retention occurred. Death was ap- 
parently caused by bronchopneumonia and heart 
failure. 


Case. V. I. (Baltimore City Hospitals Hist. No. 
197362), a fifty-four year old ice salesman who had 
been incapacitated by obesity for the past fifteen 
years, entered the hospital on May 10, 1955, because 
of progressive edema of the ankles and exertional 
dyspnea of seven months’ duration. No one in the pa- 
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tient’s immediate family was obese. A twin brother 
had a normal body build. The patient weighed 130 
pounds at seventeen years of age and 140 pounds at 
thirty. After this he began to gain weight rapidly and 
at the age of thirty-eight weighed 225 pounds. He had 
a tremendous appetite which he satisfied with large 


TABLE 
LUNG VOLUME MEASUREMENTS OF CASE I, MAY 21, 1952 


Observed | Predicted 
| Values Values 


Vital capacity (L., BTPS) 
Expiratory reserve volume 
Residual volume (L., BTPS). . . | 
Total lung capacity (L., BTPS). 
Residual volume (% of total 
capacity) | 
Maximum breathing capacity | 
| 


(L./min., BTPS) 


Note: The ratio of high residual volume to total capacity 
is not caused by a high residual volume but by a low total 
lung capacity. BTPS = Body temperature, ambient 
barometric pressure, saturated at body temperature. 


meals. He was wont to supplement his diet with six to 
eight ice cream cones daily. 

Except for obesity the patient had been well until 
seven months before admission. At that time he be- 
gan to gain weight rather rapidly and at the same time 
noted exertional dyspnea and swelling of the ankles. 
There was moderate orthopnea for four months but no 
paroxysmal nocturnal dyspnea. 

The vital signs were normal except for a respiratory 
rate of 32. The blood pressure was 140/75 mm. Hg in 
both arms (small blood pressure cuff). On admission 
he weighed 395 pounds and was 66 inches in height. 
The patient was so obese he was unable to sit up in bed 
or turn over. He was plethoric and cyanotic. Ex- 
amination of the lungs showed that inspiration was 
prolonged with some wheezing and rales. The heart 
was believed normal in size, the rhythm was regular 
and no murmurs were heard. The abdominal wall was 
edematous and ascites was present. The skin of both 
legs was thick and dark red with pitting edema up to 
the sacrum. At the time of admission the urine and 
blood examinations were not remarkable except for a 
hematocrit which ranged around 57 and a venous 
serum carbon dioxide content of 34.2 mEq./L.; 
subsequently these values returned to normal. The 
electrocardiogram showed right axis deviation with 
low T waves. The X-ray of the chest initially showed 
an enlarged heart with pulmonary congestion. 

The patient was treated with bed rest, a low salt, 
low caloric diet, digitalis and occasional mercurial 
diuretics. There was no somnolence or Cheyne-Stokes 
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TABLE III 
STUDIES ON CASE II 


15/13/55 | 5/19/55 | 5/26/55 | 6/3/55 


1. Spirometry: 
Vital capacity. ..... 
(Liters, BTPS) 
Maximum breathing 
capacity 
(Liters per minute, BTPS) | 


u. Arterial blood gases: 


m. Pulmonary distribution 
studies: 
| 153 


Dead space ventilation 


Total ventilation 


Venous admixture x 100 


Total blood flow 


3.48 | 3.32] 3.62 


Date 


Pre- Normal Values 
dicted | for Arterial 
Values | Blood 


6/7/55 | 6/27/55 


90 mm. Hg 
3 mm. Hg 
2 mEq./L. 
- 5 mm. 
+ .04 
- 4 mEq./L. 


147 143 142 
3.66 | 


38 % 


| 


5-11% *| 6-13%* 


./min./M2 
./min./Me 


| 37% 


Note the rise in vital capacity, maximal-breathing capacity, arterial blood oxygen tension and fall in carbon dioxide 


tension with fall in weight. 


* Since A-V difference was unknown, values were determined at assumed A-V differences of 30 and 70 per cent 


saturation. 


breathing. There was a rapid initial diuresis with 
disappearance of the peripheral edema. He was dis- 
charged on June 29, 1955, after a total weight loss of 
95 pounds in forty-nine days. 

This fifty-four year old man was not excessively 
obese as a child and had no excessively obese rela- 
tions. He had had a tremendous appetite for at least 
thirty years. Heart failure developed at the age of 
fifty-four. The heart failure was unusual in that it was 
predominantly right-sided, was associated with 
cyanosis, polycythemia, right axis deviation in the 
electrocardiogram and carbon dioxide retention. 

Physiologic studies (Table mz) initially showed 
respiratory acidosis caused by alveolar hypoventila- 
tion. Severe arterial blood oxyhemoglobin unsatura- 
tion was observed. The dead space on later examina- 
tions was found to be increased. Venous admixture® 
was also increased. Studies of bronchial resistance with 
esophageal pressures and air flow studies’ demon- 
strated no evidence of abnormal lung elasticity or 


obstructed air flow. The vital capacity and maximal! 
breathing capacities, which were decreased on the 
initial study, returned to normal, although it is possi- 
ble that the vital capacity remained slightly depressed. 


COMMENTS 


Newman, Feltman and Devlin! described five 
patients with polycythemia who had arterial 
blood oxyhemoglobin unsaturation and hyper- 
capnia. Two of these patients (Cases 4 and 5) 
were obese and were so similar to the patients 
described in this article that one wonders 
whether they were actual cases of polycythemia 
vera. Newman suggested that the reduction in 
lung volumes was secondary to changes in 
lung elasticity and viscous resistance caused by 
polycythemia. 

Sieker, Estes, Kelser and McIntosh” reported 
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36 | 89 | 98 101 103 95 
33 51 52 71 70 
a Be 53 46 44 44 
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Hematocrit...... 55 oe | oT 52 53 
7.29 | 7.37 | 7.39 7.43 
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on four patients quite similar to the ones we have 
described. They explained the development of 
the syndrome on the basis of low functional 
residual capacity and reduced sensitivity of the 
respiratory center. Auchincloss, Cook and 
Renzetti*® believed that increased work of breath- 
ing or reflex reduction in tidal volume might be 
the initiating factor which all other findings 
might follow. 

The clinical and physiologic observations on 
our two patients were quite similar. Both had 
been obese for several years before heart failure 
developed. None of the common causes of heart 
failure could be demonstrated in either patient. 
Reduction in vital capacity occurred without 
any suggestion of emphysema. Anoxemia and 
hypercapnia were severe during heart failure 
but tended to improve with cardiac compensa- 
tion. Right axis deviation was present in one pa- 
tient when first seen and developed in the other 
under observation. Clubbing of the fingers was 
prominent in the first patient. Autopsy of the 
first patient failed to reveal any of the usual 
causes of heart failure, cyanosis or hypercapnia. 

No obvious explanation for the heart failure 
in these patients can be drawn from the clinical 
or autopsy findings. It is possible, however, to 
postulate certain physiologic abnormalities sec- 
ondary to obesity which may have led to the 
clinical picture. Both patients had chest walls 
which scarcely moved with deep respiration. 
This lack of motion may have been caused by 
the heavy fat pads which immobilized the rib 
cage like a binder. The long fixation of the chest 
wall in one position may have been conducive to 
fixation of the ribs at their cartilagenous junc- 
tions, thus further limiting motion. 

It was repeatedly noted that the patients had 
predominant abdominal breathing. Although 
the second patient on fluoroscopy had normal 
diaphragmatic motion and normal maximal 
breathing capacity when completely compen- 
sated, this motion was brought out only by 
intensive urging over short periods of time. Since 
large amounts of abdominal fat had to be moved 
with the diaphragm, it may be postulated that 
breathing in these patients required a greater 
expenditure of energy than under normal 
circumstances. 

That the breathing was also inefficient in 
aerating the lungs can be adduced from the 
tendency toward hypercapnia. Since the level of 
carbon dioxide pressure in the arterial blood is 
closely related to alveolar ventilation, it can be 
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concluded that alveolar hypoventilation was 
present. This observation was most marked 
in the second patient in whom improvement was 
demonstrated serially as cardiac compensation 
occurred. With severe alveolar hypoventilation 
a lowering of the alveolar oxygen tension and a 
fall in the arterial blood oxyhemoglobin satura- 
tion occur.® A rise in the pulmonary artery 
pressure may also be associated with a low 
alveolar oxygen tension. 

In addition to the generalized alveolar 
hypoventilation poor distribution of the inspired 
air was indicated by the presence of aphysio- 
logic shunt in both patients.'! This physiologic 
shunt was demonstrated in the first patient by 
measuring arterial blood oxygen tension while 
he was breathing pure oxygen. In the second 
patient such a shunt was demonstrated at the 
time of optimal cardiac compensation when 
hypercapnia was no longer present. These ob- 
servations suggest that in addition to generalized 
alveolar hypoventilation there was inhomogene- 
ity of distribution of inspired air." 

Both of these factors probably contributed to 
the arterial blood oxyhemoglobin unsaturation. 
This abnormality in turn brought about poly- 
cythemia!? and an increased blood volume. It 
may be assumed that coronary artery blood 
oxyhemoglobin unsaturation was present. The 
heart therefore was called upon to pump more 
blood, against an increased pulmonary artery 
pressure with a less efficient oxygen supply. 
Under these circumstances right ventricular 
hypertrophy might be expected to occur, with 
the development of electrocardiographic changes 
and finally right-sided heart failure. 

This train of events is an adequate explana- 
tion of the condition found if we are able to 
explain how the hypercapnia was allowed to 
develop in the presence of a mechanical system, 
which was able to produce enough alveolar 
ventilation to return the carbon dioxide tension 
to normal. A rise in carbon dioxide tension is 
the normal stimulus to breathing. It has been 
stated that in the second patient the diaphragms 
were seen to move normally and with compensa- 
tion; the maximal breathing capacity was nor- 
mal. When the maximal breathing capacity is 
normal, the subject generally is able to produce 
enough alveolar ventilation to bring the carbon 
dioxide tension to normal during rest. How then 
did hypercapnia develop when an adequate 
mechanism was present to prevent it? The 
explanation here is the same as that used to 
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explain the hypercapnia of obstructive emphy- 
sema'* or respiratory poliomyelitis with inade- 
quate chest muscles*—the amount of work 
necessary to keep the carbon dioxide pressure 
at a normal level continually is so great that the 
body compromises and allows the carbon dioxide 
to rise rather than put out the continuous excess 
effort necessary to keep the carbon dioxide at a 
normal level. We have seen this situation in a 
patient with bilateral fibrous pleurisy and with- 
out emphysema. Hypercapnia has also been 
described in patients with kyphoscoliosis without 
emphysema. '* 


SUMMARY 


Two patients are reported on who were ex- 
tremely obese, had fixed chest walls, abdominal 
breathing, low vital capacities, hypercapnia, 
hypoxia, polycythemia, right axis deviation and 
right-sided heart failure. On postmortem ex- 
amination one patient was found to have died of 
bronchopneumonia but to have no cardiac 
abnormality except dilatation and hypertrophy 
of the right auricle and ventricle. 

The etiology of this cardiopulmonary syn- 
drome in extremely obese persons is discussed. 
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“‘more than mere symptomatic relief...*"* 


Penetration makes the difference... 


Whenever colds, infection or allergy congest Supplied: 0.5 oz. plastic 
the nasal passages or sinuses, Biomydrin offers wea bottie 
prompt relief. 

The mucolytic action of Biomydrin enables Whe" added anti-inflam- 
matory action is desired, 
it to reach the site of nasal infection promptly. Rx Biomydrin® F—with 
Within minutes symptoms are relieved. hydrocortisone alcohol 

‘ 0.02%. ¥2 oz. plastic atom- 

Formula izer (red cap). 
Thonzonium bromide 
Neomycin sulfate chiens tare 1. Lazar, A. M., and Goldin, M.: Eye, Ear, 
Nose and Phroat Monthly 32:512, 1953. 


mucolytic 
penetrating 


antibacterial 
Gramicidin 


antiallergic |Thonzylamine HCl 
decongestive Phenylephrine HCI .. 


NEPERA CHEMICAL CO., INC. Pharmaceutical Manufacturers 


Nepera Park, Yonkers 2, N.Y. 
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(C-reactive Protein Antiserum, Schieffelin) 


C-Reactive protein in serum only when in- 


flammation exists. 


Unlike E.S.R., no “‘Normal”’ range... either 
negative or positive. 


e No false positives. 


Simpler ... faster... more reliable aid to 


diagnosis. 
Quantity of precipitate reflects severity of 


condition ... Precipitate diminishes as 
therapy reduces inflammation. 


Both venous blood and blood obtained by the 
“finger tip technique” (punctured as for blood 
count) can be used with equally reliable results. 
To make the test procedure fast and convenient 
a new compact C.R.P.A. Test Kit is now 
available; it contains C.R.P.A., CRP-Positest 
control solution, capillary tubes, test rack, and 


illustrated directions. 


Supplied: COMPLETE LITERATURE ON C.R.P.A. IN DETECTION OF 
TEST KIT (For the complete procedure) 

RHEUMATIC DISEASES, MYOCARDIAL INFARCTION, AND 
C.R.P.A. ...1 ml. vials (80-110 determinations) MANY OTHER DISEASE STATES ON REQUEST. 
CRP-POSITEST* ... 0.5 ml. vials 


(Standardized test-control solution 
of C-Reactive Protein) Schieflclia 
ichiyfelin 
CAPILLARY TUBE RACK — 


(Two sizes) ... 0.8mm ID — 15 mm ID Laboratory Products Division 
*Trademark In Canada: William Sofin & Co., Ltd., Montreal 25, Quebec 
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: 
CAPILLARY TUBES New York 3, N. Y. * Since 1794 


PHOSPHO-SODA 


( Fteet ) 


gentile - prompt: thorough 


A modern laxative 

of choice... 

as evidenced by 

recent and continuing clinical evaluation. 


A proven laxative... 
as evidenced by professional recommendation 
for over half a century. 


Also makers of 


FLEET'T ENEMA 
Disposable Unit 


B. FLEET co., INC. 


Lynchburg, Mirginia 
Established 1869 


Phospho®soda (Fleet) is a solution containing in each 100 cc., 
sodium biphosphate 48 gm., and sodium phosphate 18 gm. 
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an outstanding... 
clinically effective... 
ORAL preparation... 


A recent Seminar at the 

New York Academy of 
Sciences emphasized the general ac- 
ceptance by distinguished authorities 
of the hypothesis that psoriasis depends 
for its development upon a disturbance 
of fat metabolism.’ 


AVAILABLE 


BOTTLES 


Spirt & Co., Inc. 


WATERBURY, CONN. 
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linical evidence indicate i may be due ae | irbance of 
ne lipid metabolism, evidently 4used Dy a Gehciency of pancreati 
enzyme 
\ 
LIPAN therapy based upon replacement of pancreatic insufficiency 
4 +] } } } 7 
LIPAN Capsules have Ce! vn t e clinically effective in 66.7% 
iS‘ This-1s well above the established minimum for all types of 
menriat f 2690 
LIPAN ind nothing but L/ PAN, as maintenance regimen may keep 
patients free of le I 
LIPAN Capsule ntain: Spe illy prepared, highly activated, dess1 
ited and defatted whole Pancreat Substance: Thiamine HCl, 1.5 
mg.: Vitamin D, 500 I.l 
1. Seminar; Psoriasis: N. Y. Academy of Science Oct. 17, 1955 
2. Harris. C et al. The Treatment of Psoriasis with Whole Defatted 
Pancreat Substance. New York Physician & American Medicine 
3 4 ‘Nov. 1951 
3. Marr et a Whole Defatted Pancreatic Substance in The 
1 Treatment of Psoriasis. Jri. Lancet, 72:7 p: 328-330 (July 1952 
stato 4. Combes. F Management of Psoriasis As a Metabolic Lipid Dis 
turbance. New York State Journal Medicine, 54:13 (July 1954 
COMPLET! LIT! fo REPRINT UPON REQUI 
EN Rx BLANK 


Each SUR-BEX with C 
tablet contains: 


Thiamine Mononitrate 

Riboflavin 

Nicotinamide 

Pyridoxine Hydrochloride 

Vitamin Bi2 (as cobalamin concentrate). 2 mcg. 
Calcium Pantothenate 

Ascorbic Acid 

Desiccated Liver, N. F. .......... 300 mg. 
Brewer's Yeast, Dried 


As a dietary supplement: | or 2 tablets 
daily. 

For stress, or postoperative convales- 
cence: 2 or more tablets daily. 


OR 


611240 
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for preventing 
and treating upper 


respiratory infections... 


Tetracycline-Antihistamine-Analgesic Compound 


ACHROCIDIN is convenient for you to prescribe 
—easy for the patient to take. Average adult dose: 
two tablets four times daily. 


ACHROCIDIN is a comprehensive formula for treat- 
ment of complications of the common cold, par- 
ticularly when bacterial sequelae are observed 
or expected from the patient’s history or during 


widespread infections. Available on prescription only 


Each tablet contains: 


Distressing symptoms of malaise, headache, 
muscular pain, mucosal and nasal discharge are 
rapidly relieved. 

And potent prophylaxis is offered against other 
diseases, such as otitis media, sinusitis, adenitis, 
and bronchitis, to which the patient may be high- 
ly vulnerable at this time. 


ACHROMYCIN® Tetracycline ....................... 125 mg. 
Phenacetin é 120 mg. 
Caffeine... 30 mg. 
Salicylamide 150 mg. 
Chlorothen Citrate : 25 mg. 


Bottle of 24 tablets 


t Lederte ) LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, N. Y. 
> *TRADEMARK 
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When an unbidden guest brings diarrhea 


SULFASUXIDINE® SUSPENSION WITH PECTIN AND KAOLIN 


During warmer months the sharp increase in diarrhea brings 
you many patients. Confidently prescribe CREMOSUXIDINE, 
a reliable antidiarrheal and antibacterial. It detoxifies intestinal 
irritants and soothes inflamed mucosa. Pieasant tasting, choc- 


olate-mint flavored. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO.,INC., PHILADELPHIA 1, PA 


REPRINT ORDER FORM 


THE AMERICAN JOURNAL OF MEDICINE, 49 W. 45th St., New York 36, N. Y. 


Please send me the following Seminars reprinted from the 
AMERICAN JOURNAL OF MEDICINE: 


O GASTROINTESTINAL PHYSIOLOGY $2.00 
BLoop COAGULATION $2.00 
ANTI HYPERTENSIVE DruGs $2.00 
HEMOLYTIC ANEMIAS $2.00 
CARBOHYDRATE METABOLISM $2.00 
ALLERGY $2.00 


Enclosed is my check 


NAME 


ADDRESS 


CITY 
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istnas . THE IDEAL GIFT FOR 


YOUR COLLEAGUE OR DOCTOR FRIEND 


Presents University Presents The Leading Independ- 
Medicine at Its Best Worldwide ent Surgical Journal 
$12. Nutrition $15. 

$8. 


Three outstanding journals at a new combined rate—$235. U.S.A. 
Canada $27.50 Foreign $30. 


You save $10 on this special Christmas offer. 


The Yorke Publishing Co., Inc. 
49 W. 45th St., New York 36, N.Y. 


Please send Gift subscription of 3 Journals for one year and gift card to 


and bill me at your special rate of $25. U.S.A. 


Address 
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a complete 


4 


prenatal 


formula, 


phosphorus-free! 


PRENATAL VITAMIN-MINERAL CAPSULES LEDERLE 


If you find your patients complain exces- 
sively of muscle cramps due to high phos- 
phorus intake, prescribe CYESICAPS. Each 
capsule provides 22 vitamins and minerals 
plus purified intrinsic factor concentrate; 
calcium is supplied as calcium lactate, its 
most readily assimilated form. This well- 
balanced formula is indicated throughout 
pregnancy and lactation. 


Dosage: 1 or 2 capsules 3 times daily. 


Wied sealed capsules 
a Lederle exclusive, for more rapid and 


complete absorption. No oils, no paste, 
no aftertaste! 


Six capsules supply: 
Calcium (as Lactate) 
Calcium Lactate 
Intrinsic Factor Concentrate 
Vitamin A 
Vitamin D 
Thiamine Mononitrate (B:) 
Niacinamide 
Ascorbic Acid 
Folic Acid 
Pyridoxine HCi (Be) 
Calcium Pantothenate 
Vitamin K (Menadione) 
lron (as FeSO, exsiccated) 
Vitamin E (as Tocophery!l Acetate) 
Fiuorine (as CaFs2) 
Copper (as CuQ) 
Potassium (as KsSQ,) 
Manganese (as MnO:) 
Magnesium (as MgO) 
Molybdenum (as 
*Reg. U.S. Pat. Off. 


6,000 U.S.P. Units 
400 U.S.P. Units 
1.5 mg. 


LEDBRLE LABORATORIES DIVISION sameascaw Cpanamid company PEARL RIVER, NEW YORE 


77 
Vis 
Wes 
™ 
\, < 
2 
- 4 
j * 
i 


this 
capsule 


visceral eutonic 


DAC TIL 


PLAIN AND WITH PHENOBARBITAL 


restores and maintains normal tonus and motility 
«does not interfere with digestive secretions 
- notably free from constipation and urinary retention 


DAC T I Lis the only brand of N-ethyl-3-piperidyl diphenylacetate hydrochloride. 


LAKESIDE 


78 
) 
| 


Look what's happened — toanold friend of yours 


i? 
‘ 


CALCI 


a bright new look 
a new apricot taste 
...and just look at 
this formula 


Each 30 cc. (1 fl.oz.) of improved CALCIDRINE Syrup represents: 


Dihydrocodeinone Bitartrate 10 mg. (% gr.) 
Nembutal® Sodium 25 mg. (% gr.) 


(AS NEMBUTAL) 


Ephedrine Hydrochloride 25 mg. (¥% gr.) 
Calcium lodide, anhydrous ; 910 mg. (14 grs.) 
Note that there is twice as much iodide as before—more than any 
other cough preparation. Note, too, that dihydrocodeinone replaces 
codeine—to depress the cough reflex with greater efficiency and 
no nausea. All this plus ephedrine plus Nembutal . . . in a smooth, 
nectar-like syrup that even your most finicky patients will accept. 


DRINE 


Improved 


COUGH THERAPY 


| 
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anti-inflammatory.... bactericidal 


For infected, or potentially infected, inflammatory 
conditions of the eye (anterior segment), ear and skin 


VIRTUALLY NON-SENSITIZING 


CORTISPORIN’ OINTMENT 


Each Gm. contains: ‘Aerosporin”® Sulfate Polymyxin B Sulfate 5,000 Units; 
Bacitracin 400 Units; Neomycin Sulfate 5 mg.; 
Hydrocortisone (free alcohol) 10 mg. (1%). 


Available in applicator tip tubes of % oz. and % oz. 


CORTISPORIN’ 1.2.2 OTIC DROPS 


Each cc. contains: ‘Aerosporin”™® Sulfate Polymyxin B Sulfate 10,000 Units; 
Neomycin Sulfate 5 mg.; Hydrocortisone (free alcohol) 10 mg. (1%). 


Available in sterile dropper bottles of 5 cc. 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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This is “the most 
valuable drug that 

has been introduced 

for the treatment of 
ulcerative colitis” in 
recent years.’ Results 

of treatment with 
Azulfidine “far exceed 
those of any previous 
drug used”.? “It has been 
effective in controlling the 
disease in approximately 
two-thirds of patients 
who had previously 
failed to respond to 
standard colitis therapy 


currently in use.”? 


. Barcen, J. A.: “Present Status of Hormonal 
and Drug Therapy of Ulcerative Colitis”, 
South. M. J. 48: 192 (Feb.) 1955. 

. Barcen, J. A. and Kennepy, R. L. J.: “Chronic 
Ulcerative Colitis in Children”, Postgrad. 
Med. 17: 127 (Feb.) 1955. 

. Morrison, L. M.: “Response of Ulcerative 
Colitis to Therapy with Salicylazosulfapyridine”, 
J. A.M. A. 151: 366 (Jan. 31) 1953. 


BRAND OF SALICYLAZOSULFAPYRIDINE 


PHARMACIA LABORATORIES, INC. 
270 Park Avenue, New York 17, N.Y. 
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A GREAT STEP FORWARD 


in the ment of 


MYASTHENIA GRAVIS 


Mytelase chloride (WIN 8077) is a new antimyasthenic compound 
with definite advantages over older cholinergics. 


Patients “... feel better, are stronger, and are closer to their normal 
health.” 


As arule Mytelase “... has roughly twice the effectiveness per milligram 
of neostigmine in reducing the symptoms of myasthenia gravis, and 
approximately twice the duration.’ Some patients can replace their for- 
mer 10 to 60 tablets daily with as few as 2 tablets of Mytelase; sleep need 
not be interrupted for dosage.’ 


: Tablets, scored, of 10 mg. Write for booklet discussing in detail clinical 
experience, dosage, side effects and precau- 
and 25 mg., bottles of 100. shone to be ebeerved. 


1. Schwab, R.S.; Marshall, Clare K.; and Timberlake, Wiliam: 
J.A.M.A., 158:625, June 25, 1955. 

2. Schwab, R.S.: Am. Jour. Med., 19:734, Nov., 1955. 

LABORATORIES 

Mytelase, trademark 
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WHENEVER 
COUGH THERAPY 


IS INDICATED 


(Dihydrocodeinone with Homatropine Methylbromide) 


Relieves cough.quickly and thoroughly Effect 
lasts up to six hours permitting a comfortable 
night's sleep # Controls useless cough without im- 
pairing expectoration = Rarely causes constipation 


Syrup and oral tablets. 
Each teaspoonful or tablet 
of HYCODAN* contains 5 
mg. dihydrocodeinone bi- 
tartrate and 1.5 mg. 
MESOPIN.t Average adult . 
dose: One teaspoonful or 
tablet after meals and at 
bedtime. May be habit- 
forming. Available on your 
prescription. 


ENDO LABORATORIES INC. Richmond Hil! 18, New York 


brand of homatropine methylbromide 
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Tetracycline Lederle 


for prophylaxis and treatment of 


Posner and his colleagues! have reported on 
the use of tetracycline (ACHROMYCIN) in 96 
cases of obstetric complications, including 
unsterile delivery, premature rupture of the 
membranes, endometritis, parametritis, and 
other conditions. They conclude that this 
antibiotic is ideally suited for these uses. 


Other investigators have shown ACHROMYCIN 
to be equally useful in surgery and gynecology 
and virtually every other field of medicine. 
This outstanding antibiotic is effective against 
a wide variety of infections. It diffuses and 
penetrates rapidly to provide prompt control 
of infection. Side effects, if any, are negligible. 


Every gram of ACHROMYCIN is made in 
Lederle’s own laboratories and offered only 
under the Lederle label—your assurance of 
quality. It is available in a complete line of 
dosage forms, including 


ACHROMYCIN SF 


ACHROMYCIN with STRESS FORMULA VITA- 
MINS. Attacks the infection, bolsters the 
patient’s natural defenses, thereby speeds 
recovery. Especially useful in severe or pro- 
longed illness. Stress formula as suggested by 
the National Research Council. 

SF Capsules, 250 mg. 

SF Oral Suspension, 125 mg. per tea- 

spoonful (5 cc.) 


For more rapid and complete absorp- 
tion. Offered only by Lederle! 


filled sealed capsules 


1Posner, A. C., et al.; Further Observations on the Use of Tetra- 
cycline Hydrochloride in Prophylaxis and Treatment of Obstetric 
Infections, Antibiotics Annual 1954-55, pp. 594-598. 


LEDERLE LABORATORIES DIVISION 
AMERICAN CYANAMID COMPANY 
PEARL RIVER, NEW YORK 


*REG. U.S. PAT. OFF. 


PHOTO DATA: SPEED GRAPHIC CAMERA, 
F.16, 1/50 SEC., ROYAL PAN FILM 
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RECTAL 
DESITIN' 


OINTMENT 


N EW and specially formulated 
for more effective and 


sustained relief in 


RECTAL DESITIN OINTMENT affords unusually effective 
relief from pain, irritation, inflammation, itching, con- 
gestion, and discomfort in non-surgical hemorrhoids, 
anorectal irritation, pruritus, uncomplicated fissures, 
proctitis, inflammatory cryptitis, papillitis and perianal 
dermatitis. 

Outstanding Advantages: (1) a special tacky consistency 
for prolonged efficacy. (2) a unique wetting agent for 
intimate, thorough coverage. (8) Norwegian cod liver 
oil to stimulate healing. 


Formula: RECTAL DESITIN OINTMENT contains high grade, 
Norwegian cod liver oil, zinc oxide, lanolin, taleum, sodium laury! 
sulfate, petrolatum q.s. Does not contain local anesthetics, narcot- 
ics, or “caine” drugs which might mask serious anorectal disorders. 


Available on your prescription in tubes of 14 oz., with a safe, flexible applicator. 
Liberal sample supply on request. 


DESITIN CHEMICAL COMPANY 


Providence, R. I. 


New RECTAL DESITIN OINTMENT is not to be confused with regular DESITIN OINTMENT. 
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in bursitis, tendinitis, tenosynovitis 


DRAMATIC 
RELIEF 
OF PAIN 


MY-B-DEN 


(adenosine-5-monophosphate) 


Bischof 


pain is relieved... function returns... 
swelling subsides...residual tenderness disappears 


this is the response pattern in acute and subacute bursitis with only 
7 or 8 injections.' An average of 9 injections in chronic calcified 
tendinitis produces “unusually good results.” 


Literature available to physicians—write Medical Service Department. 


references: (1) Rottino, A.: Journal-Lancet 7/:237, 1951. (2) Susinno, A. M., and 
Verdon, R. E.: J.A.M.A. 154:239 (Jan. 16), 1954. 


AMES COMPANY, INC ELKHART, INDIANA 
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fastest relief of 


the acute attack 


EDIHALER-NITRO is octyl nitrite 

(1% ) in aerosol solution; deliv- 
ered by metered-dosage nebulization, 
using the lungs as portal of entry, it 
assures fastest relief and prolonged 
effect; it is free from disagreeable, 
irritating odor, and less apt to pro- 
duce side actions than are nitrogly- 
cerin and amy! nitrite. 


To be used only with the MEprI- 
HALER® ORAL ADAPTER made of un- 
breakable plastic with no moving 
parts. Medication and Adapter fit 
into pocket-size plastic carrying case. 
One or two inhalations provide prompt 
relief of an attack of angina pectoris. 


MEDIHALER...The New Measured-Dose Principle of Nebulization 


and for definitive therapy... 


fewer and fewer attacks ® 
of less and less intensity e fl OXY () 1) 
Long-acting tablets containing pentaery- 

thritol tetranitrate (PETN) 10 mg. and 
Rauwiloid® (alseroxylon) 1 mg. reduce the 

incidence and intensity of attacks and ; 

lead to objective improvement demon- Rike rv 


strable by ECG. Dosage: one or two 


tablets q.i.d., before meals and on retiring 
LOS ANGELES 
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DRY, SCALY SKIN 
DETERGENT RASH 
SUNBURN 

SIMPLE ECZEMA 
DIAPER RASH 
‘DISHPAN’ HANDS 
PRICKLY HEAT 
CHAFING 


Superficial skin com- 
plaints usually respond 
dramatically to 

TASHAN CREAM ‘Roche’ 


Antiprurient, soothing, and healing — 
contains vitamins A, D, E, and d-Panthenol, 
in a cosmetically pleasing water-soluble 


base which fastidious patients will enjoy 


using. Hoffmann-La Roche Inc., Nutley, N. J. 


TASHAN 
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criteria for skeletal muscle relaxant 


“The need for a therapeutic agent that would provide prolonged 
relaxation of spastic or rigid muscles is generally recognized.{To date, 
there has been no available drug proved sufficiently safe, 


effective, or long-lasting to justify its general use.’” 


NOW 


flexin 


(Zoxazolamine,t McNeil) 


fulfills these 


supplied: 250 mg. yellow, scored tablets, bottles of 50. 


(1) Abrahamsen, E. H., and Baird, H. W., Ill: J.A.M.A. 160:749 (Mar. 3) 1956. 

(2) Amols, W.: J.A.M.A. 160:742 (Mar. 3) 1956. 

(3) Rodriguez-Gomez, M.; Valdes-Rodriguez, A., and Drew, A. L.: J.A.M.A. 160:752 (Mar. 3) 1956. 
(4) Smith, R. T.; Kron, K. M.; Peak, W. P., and Hermann, I. F.: J.A.M.A. 160:745 (Mar. 3) 1956. 


*T.M, TU. S. Patent Pending 
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FLEXIN is sufficiently safe 


“No significant alterations of pulse, blood pressure, or respiration 
were observed [during therapy with FLExIN], and there were no 
deleterious effects noted in blood counts, urinalyses, or liver and 
kidney function tests.”” 


“...no important signs of toxicity were found in blood or urine 
studies...drowsiness and transient dizziness in an occasional 
patient, together with occasional mild gastric irritation, were the 
only undesirable side-effects observed...’ 


FLEXIN is effective 


“When it [FLExIN] was administered orally in doses of 250 to 500 
mg. three and four times a day, 14 of 18 patients with spasticity 
due to spinal cord lesions showed objective improvement of spas- 
ticity.’ 

“Rheumatic diseases with the major disability caused by stiffness 
and aching appear to respond well...’ 


FLEXIN has a long duration of action 


“The administration of an effective dose of zoxazolamine [FLEXIN] 
was usually followed by muscular relaxation within an hour, with 
the peak effect being reached within two hours and waning 
within four hours. Some degree of muscular relaxation was occa- 
sionally seen 24 hours or longer after discontinuance of therapy.”” 


requirements 


McNEIL LABORATORIES, INC - PHILADELPHIA 32, PA. ‘McNEIL 


"...complete relief 


with continued favorable 


] 


therapeutic response.» 


RENIR 


Reserpine with a safety factor 


The desirable hypotensive-tranquilizing action of reserpine is well 
established. But reserpine therapy is often accompanied by dis- 
tressing side effects—such as nasal congestion, hyperperistalsis, 
nightmares and mental depression. RENIR reverses these side effects. 

In Renir, the action of reserpine is counterbalanced by small 
doses of ephedrine. Investigators state that “these two drugs act 
together to give a true synergistic response in that the untoward ef- 
fects of each are counteracted and the desirable therapeutic effects 
of each are enhanced.” They add that “ephedrine, in the small 
doses indicated . . . did not interfere with the hypotensive action.””! 


Indications: In the treatment of mild, moderate and labile hypertension. 
Also anxiety and tension states; mild to severe neurosis. 


ave Dosage: For Ss prewar 1 to 3 tablets daily. As a tran- 


quilizer in mentally disturbed states, 2 to 4 tablets daily. 


Supplied: Tablets containing reserpine 0.25 mg., and ephedrine 8.0 mg., 
in fottles of 100 and 1000. 


Contraindications: To be used with caution in patients with peptic 
ulcer, mental depression, cardiac conditions and related disorders. 


Literature and Samples on Request 


1Feinblatt, T.M., Feinblatt, H.M., and Ferguson, E.A.: Rauwolfia-Ephedrine, 
As a Hypotensive-Tranquilizer. J.A.M.A. 161:424 (June 2, 1956). 


THE S. E. MASSENGILL COMPANY 


BRISTOL, TENNESSEE « NEW YORK + KANSAS CITY + SAN FRANCISCO 
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y ARMOUR’S 


| HP*ACTHAR Gel 
: is the most widely used ACTH 
Back Jssuces Wanted preparation— 


(MUST BE IN GOOD CONDITION) HP*ACTHAR Gel 
has the greatest volume of 


clinical experience— 


HP*ACTHAR Gel 
is regarded as the international 
will pay $1.00 per copy for standard of potency— 


the following issues: ante 


has a safety record unmatched 
by any other drug of compar- 
January 1948 able power, scope and action. 


THE AMERICAN JOURNAL OF MEDICINE 


March 1948 


July 1948 


Some common indications from 
more than 100 diseases in which 
you can expect rapid effects from 
short-term therapy: 


February 1953 
May 1955 


August 1955 Allergies, including Asthma 
Drug Sensitivities 
September 1955 Penicillin Reactions 


October 1955 
HP*ACTHAR Gel is The Armour 
Laboratories Brand of Purified Repository 
Corticotropin (ACTH) 


Send *Highly Purified 


The American Journal of Medicine, Inc. 
49 West 45th Street New York 36, N. Y FAX A DIVISION OF ARMOUR re COMPANY 


KANKAKEE, ILLINOIS 
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ATARAXOID is a unique, new combination of STERANE and 
ATARAX, which now permits simultaneous symptomatic 
control and reduction of attendant anxiety and apprehensior. 
in rheumatoid arthritis and other indications. 


The added tranquilizer control, desirably easing mental stress, 
also directly assists clinical progress. It minimizes the 
chance of exacerbation related to emotional strain and 
facilitates patient confidence and cooperation in the 
therapeutic program toward maximum rehabilitation. 


ATARAXOID exerts the anti-rheumatic, anti- 
inflammatory activity of STERANE distinctly superior 
to previous steroids, effective in radically reduced 
dosage, and with minimal disturbance of electrolyte 
and fluid metabolism. 


The ataractic effect is a 
central neuro-relaxing 
action — the result of 

a marked cerebral speci- 
ficity — free of mental 
fogging and devoid of any 
major complications: 

no liver, blood or brain 
damage. This peace- 
of-mind component is 
also used in the lowest 
dosage range. 


Supplied: Each green, scored, 
ATARAXOID oral tablet 
contains 5 mg. prednisolone 
(STERANE) and 10 mg. 
hydroxyzine hydrochloride 
(ATARAX). Bottles of 30 

and 100. 


PFIZER LABORATORIES 
Division, Chas. Pfizer & Co., Inc. 
Brooklyn 6, New York 
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“MYSOLINE’’ raises 
the convulsive threshold 


in grand mal 
and psychomotor attacks 


““MYSOLINE;’ employed alone or in combination with other med- 
ication, controlled or markedly improved 73 per cent of 45 
patients with major motor seizures. In each instance, the previ- 
ous medication had proved to be ineffective.! 


“MYSOLINE,” when used as initial therapy in a series of 97 grand 
mal patients, controlled seizures in 57 per cent of the patients; 
an additional 22 per cent were improved.? 


“... after the proper dose was established, ‘Mysoline’ was well 
tolerated without [serious] side effects.’ 
1. Doyle, P. J., and Livingston, S.: J. Pediat. 43:413 (Oct.) 1953. 


2. Livingston, S., and Petersen, D.: To be published. 
3. Pence, L. M.: Texas State J. Med. 50:290 (May) 1954. 


LITERATURE ON REQUEST 


Supplied: Tablets, 0.25 Gm. Bottles of 100 and 1,000. 
Suspension, 0.25 Gm. per 5 cc. (teaspoonful). Bottles of 
8 fluidounces. 


“MYSOLINE: 


Brand of Primidone 


in epilepsy 


& AYERST LABORATORIES - New York, N. Y. « Montreal, Canada 


Ayerst Laboratories make “Mysoline” available in the United States 
by arrangement with Imperial Chemical (Pharmaceuticals) Limited 
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follow-up visit: 


blood pressure down 


presoline 


lowers the systolic and especially the 


clinically more significant dzastolic pressure 
increases renal and cerebral plasma flow. 
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in acute and chronic pyelonephritis, cystitis and prostatitis 


freedom 


from pain, infection and resistant mutants 


“Frequently, patients reported symptomatic improvement within 24 
hours.”' Furadantin “may be unique as a wide-spectrum antimicrobial 
that . . . does not invoke resistant mutants.’ 


Comparative Sensitivity to Furadantin of Infectious Microorganisms 
Isolated over a Two-Year Period? 


Moderately 
Sensitive* sensitive* Resistant* 


Total 
no. Per cent Per cent Per cent 
Microorganism strains | No. of total . of total . of total 


Proteus vulgaris 237 88.2 11.8 0 


Escherichia coli (including 
paracolon bacillus) 281 92.7 


Aerobacter aerogenes 82.1 
Streptococcus faecalis 96.7 
Pseudomonas aeruginosa 5.0 


Micrococcus pyogenes var. 
aureus 100 


Klebsiella pneumoniae 100 0 
Alcaligenes faecalis 2 100 0 


*Organisms inhibited by 100 ywg./mi. or less are classified as sensitive, by 200 to 400 yug./mi. as 
moderately sensitive, and those not inhibited by 400 ug./mi. as resistant. 


“The status of P. vulgaris and of M. pyogenes var. aureus is especially 
noteworthy in the light of the high degree of resistance exhibited by those 
organisms to antibiotics currently employed.’ 


REFERENCES: 1. Trafton, H. M., et al.: N. England J. M. 252:383, 1955. 2. Waisbren, B. A., and Crowley, W.: 
A. M. A. Arch. Int. M. 95:653, 1955. 3. Schneierson, S. S.: Antibiotics 3:212, 1956. 


Furadantin 


BRAND OF NITROFURANTOIN 


FURADANTIN DOSAGE: SUPPLIED: 
e adult dose is 100 mg., bag 
.i.d. (at mealtime, and on retiring, t of 25 100. 
with tood or milk). Average daily EATON LABORATORIES Oral Suspension, 5 mg., 
dosage for children is 5 to Norwich {“\ New York per cc., bottle of 118 cc. - 
7 mg./Kg. in four divided doses. (ton) 
NITROFURANS~—a new class of antimicrobiais—neither antibiotics nor sulfonamides 


100 
23 8.2 3 11 
40 17.9 0 0 
5 3.1 0 0 
40 39.9 |56 55.4 
0 0 
0 0 0 
0 0 


STATEMENT OF OWNERSHIP 


STATEMENT REQUIRED BY THE ACT OF 
CONGRESS OF AUGUST 24, 1912, AS AMENDED 
BY THE ACTS OF MARCH 3, 1933, AND JULY 
2, 1946 (Title 39, United States Code, Section 233) 
showing the ownership, management, and circulation of 


The American Journal of Medicine, published 
monthly at New York, N. Y., for Oct. 1, 1956. 


1. The names and addresses of the publisher, editor, 
managing editor, and business managers are: Pub- 
lisher, The American Journal of Medicine, Inc., 49 
W. 45th Street, New York 36, N. Y.; Editor, Alex- 
ander B. Gutman, M.D., Mount Sinai Hospital, 100th 
Street & Fifth Ave., New York 29, N. Y.; Managing 
Editor, Helena B. Mannion, 49 West 45th Street, New 
York 36, N. Y.; Business Manager, Pliny A. Porter, 
49 West 45th Street, New York 36, N. Y. 


2. The owner is: (If owned by a corporation, its 
name and address must be stated and also immedi- 
ately thereunder the names and addresses of stock- 
holders owning or holding 1 percent or more of total 
amount of stock. If not owned by a corporation, the 
names and addresses of the individual owners must be 
given. If owned by a partnership or other unincorpo- 
rated firm, its name and address, as well as that of 
each individual member, must be given.) The Amer- 
ican Journal of Medicine, Inc., 49 West 45th Street, 
New York, 36, N. Y.; M. T. Wisotzkey, President and 
Sole Owner, 49 West 45th Street, New York 36, N. Y. 


3. The known bondholders, mortgagees, and other 
security holders owning or holding 1 percent or more 
of total amount of bonds, mortgages, or other secu- 
rities are: (If there are none, so state.) None. 


4. Paragraphs 2 and 3 include, in cases where the 
stockholder or security holder appears upon the books 
of the company as trustee or in any other fiduciary 
relation, the name of the person or corporation for 
whom such trustee is acting; also the statements in 
the two paragraphs show the affiant’s full knowledge 
and belief as to the circumstances and conditions 
under which stockholders and security holders who do 
not appear upon the books of the company as trustees, 
hold stock and securities in a capacity other than that 
of a bona fide owner. 


5. The average number of copies of each issue of 
this publication sold or distributed, through the mails 
or otherwise, to paid subscribers during the 12 months 
preceding the date shown above was: 


(This information is required from daily, weekly, 
semiweekly, and triweekly newspapers only.) 
M. T. WISOTZKEY, President 
Sworn to and subscribed before me this 6th day of 
September, 1956. 
ROSE V. CELENTANO 


Notary Public 
[SEAL] 


(My commission expires March 30, 1958.) 


-FOLBESYN 


VITAMINS LE RLE 


Separate packaging of dry vitamins 
and diluent (mixed immediately be- 
fore injection) assures the patient a 
more effective dose. May also be 
added to standard IV solutions. 


Dosage: 2 cc. daily. 


Each 2 cc. dose contains: 
Thiamine HCI (B,) 10 mg. 
Riboflavin (B,) 10 mg. 
Niacinamide 50 mg. 
Pyridoxine HCI (B,) 5 mg. 
Sodium Pantothenate 10 mg. 
Ascorbic Acid (C) 300 mg. 
Vitamin B,2 15 mcgm. 
Folic Acid 3 mg. 


LEDERLE LABORATORIES DIVISION 


AMERICAN Ganamid COMPANY 
PEARL RIVER, NEW YORK 


REG. U.S. PAT. OFF. 
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abnormal capillary 
permeability and fragility 


frequently occur in 
and are aggravated by... 


habitual and 
threatened 
abortion 


Each C.V.P. capsule 
or each 5 cc. of syrup 
(approx. one teaspoonful) provides: 
Citrus Biofilavonoid Compound . 100 mg. 
C.V.P.is a Ascorbic Acid (vitamin C). . . 100mg. 


specific aid in of 900, 1000. 
the prevention syrup: bottles of 4 oz., 16 oz. and gallon. 

{ and correction of 
capillary fault new! 


in such 


conditions duo- C.V. F 


(double strength C.V.P.) 


gastrointestinal 
Each duo-C.V.P. capsule provides: 


bleeding Citrus Bioflavonoid Compound . 200 mg. 
Ascorbic Acid (vitamin C) . . . 200mg. 


capsules: botties of 100, 500 and 1000. 


C.V.P. helps diminish increased capillary permeability, fragifty, and resultant bleeding by 
acting to maintain the integrity of the intercellular cement of capillary walls. 


C.V.P. provides the many active bioflavonoid factors of the whole citrus bioflavonoid com- 
plex. C.V.P. is water-soluble and is thus readily absorbed and utilized, in contrast to 


purified hesperidin and rutin which are poorly soluble in water. 


SAMPLES on request U.S. Vitamin corporation 


(Arlington-Funk Labs., division) 
250 E. 43rd St., New York 17, N. Y. 
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VA 


Ulysses between Scylla and Charybdis—Bettmann Archive 


between the hazards of high steroid dosage 
and the frustration of inadequate relief 


Because of the complementary action of cortisone and the 
salicylates, Salcort produces a greater therapeutic response 
with lower dosage. Side effects are not encountered, and no 
withdrawal problems have been reported. 

One study concludes: ‘“*Salicylate potentiates the greatly 
reduced amount of cortisone present so that its full effect is 
brought out without evoking undesirable side reactions.””! 


SALCORT 


indications: each tablet contains: 


Rheumatoid arthritis .. . Cortisone acetate. . . . 2.5 mg. 


Rheumatoid spondylitis . . . ‘de 0.3 Gm. 
Rheumatic fever . . . Bursitis 


... Still's Disease . . . Neuro- Calcium ascorbate. . . . 60.0 mg. 
muscular affections (equivalent to 50 mg. ascorbic acid) 
Calcium carbonate . .. 60.0 mg. 
‘Busse, E.A.: Treatment of Rheumatoid Arthritis by a Combination of Cortisone 
and Salicylates. Clinical Med. 11:1105 

*U.S. Pat. 2,691,662 


The S. E. MASSENGILL COMPANY, Bristol, Tennessee - New York « Kansas City - San Francisco 
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is the word 


for Noludar 


Mild, yet positive in 
action, Noludar 'Roche' 
is especially suited 
for the tense patient 
who needs to relax and 
remain clear—headed— 
or for the insomniac 
who wants a refreshing 
night's sleep without 
hangover. Not a 
barbiturate, not habit=- 
forming. Tablets, 

50 and 200 mg; elixir, 
50 mg per teasp. 


Noludar® brand of methyprylon 
2,4-piperidinedione) 


Original Research in 
Medicine and Chemistry 


Advertisers Index 


November, 1956 


Abbott Laboratories. 7 . Insert 16, 22-23, 36-37, 52, 73, 79-80-81 
Burroughs Wellcome & Co., Inc... . . . . . . . 82 
Ciba Pharmaceutical Products,Inc. . . . . . .. .. . 34, 50- 51, 60, 99, Back Cover 
Desitin Chemical Company . ..... . 88 
Eaton Laboratories. . . . . . . 100 
Endo Laboratories, Inc. . . . . . . . 85 
C. B. Fleet Co.,Imc. . . . . . . 71 
Geigy Pharmaceuticals. . . . «© © © © © © @ 8 
Hoffmann-La Roche Inc. . . . . . . . «45, Insert Facing Page 48, 91, 104 
Irwin, Neisler & Company. . . . . . . 11 
Lakeside Laboratories,Inc.. . . . . . . . . 
Lederle Laboratories © « 35, 46, 54, 74, 77, 86-87, 101 
Thos. Leeming @Co.,Inc.. . . ... «© © «© © © © @ © «© % 41 
Eli Lillyand Company. ...... . 64 
The S. E. Massengill 14, 24, 43, 94, 103 
McNeil Laboratories, Inc.. . . . . 92-93 
Merck Sharp & Dohme. . . ........ «© « « « 3, 57, 75 
The National Drug Company,Inc. . . . . . . . . . +. +. Insert Facing Page 24 
Parke, Davis & 13, 21, 29, 39, 47, 53 
Pfizer Laboratories, Division, Chas, Pfizer & Co., . . 17-18-19-20, 44, 62, 96-97 
Pharmacia Laboratories, Inc... . . . . . 83 
Riker LaboratoriesInc.. . . . . . . «627, 56, 90 
William H.Rorer,Inc:.. . . . © © © © # 68 
Sherman Laboratories . . . . . . . 25 
Spirt& Co. Inc. . 72 
E. R. Squibb & Sons, Division a Mathieson Chemical Carp. . 6, 32, 49, 58- 59, 63 
Warner-Chilcott Laboratories... . + «© «© «© © © © © «© « 1 


Lift the depressed patient up to normal 


without fear of overstimulation... 


A HAPPY MEDIUM 


with new 


IN PSYCHOMOTOR 
STIMULATION 


© Boosts the spirits, relieves physical fatigue 
and. mental depression ... yet has no appreciable 
effect on blood pressure, pulse rate or appetite. 


Ritalin is a mild, safer central-nervous-system stimulant 
which gently improves mood, relieves psychogenic fatigue 
‘‘without let-down or jitters. ..’’' and counteracts over- 
sedation caused by barbiturates, tranquilizing agents and 
antihistamines. 


Ritalin is not an amphetamine. Except in rare instances it 
does not produce jitteriness or depressive rebound, and has 
little or no effect on blood pressure, pulse rate or appetite. 


Reference: 1. Pocock, D. G.3 Average dosage: 10 mg. 

Personal communication. b.i.d. or t.id. Although 
individualization of 
dosage is always of para- 

RITALIN® hydrochloride mount importance, the 

(methyl-phenidylacetate high relative safety of 

Ritalin permits larger 

doses for greater 

effect if necessary. 


Supplied: Tablets, 5 mg. 
(yellow) and 10 mg. 
(blue); bottles of 100, 
500 and 1000. Tablets, 
20 mg. (peach-colored) ; 
bottles of 100 

and 1000. 
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